■♦I 



lnftell0G(uell9 
d'lndustrie Canada 



Intellgctuai PrDp8rt>' 
ortic^ft 

An ot 
Industry Canada 



,.1, 2 346 546 

(i:.^DEMANDE DE BREVET CANADIEN 
CANADIAN PATENT APPLICATION 

ti:*)A1 



nit ^/intci ' I y^iw vwi). I •^'iiJ4/n7 

^ i'l ) Dft in^ndfi iJi V Appi ic^a nf 

SCHLU^;iBERGER CANADA LI?;ilTED. CA 

(r.'j Miv^nteijiTft/lnventniv 

BONNER. STEPHEN D.. UB; 
i:o\ I lN^s.A^MH(>NY I . us; 
CLARK. BR! AN, US: 
UAMASWAWV. DHANAN.IAY. IKS; 
SN'.ITH. DAVID L, US: 
I H\ V. MANK I . Un; 
HUNK A. JOHN. US 



m Tiliu , COMMUNICATION DE 5I0NAUX ET MESURE AU FOND DES PUITS PAR LINTERM EDI AIRE D'UN TUBE 
METALLIGHUE 

(Gil TiUc. DOWN! IDLE SK3NAL COMMUNICATION AND MEASUREMENT Tl IROUGI I A METAL TUBULAR 




BEST AVAILABLE COPY 



(571 Abregs/Abstrsct 

Sy<t1ftmit :*<nf1 mf^thoflr. Inr rtw/ynholft nommunir.alion am^ mftaRiji\*m<iiftt uhlpino an imprnvfii^ mftft^fllif; njUihvr {:^n) haying an 
elongated body v/ith tubular <',-all& 5^nd a cenlral bore (32) actepfced to reoeK'e a run-in tool (10). The iubiilar Indyding slotiet^ 
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slations to prcA-id© through-tubular signal (ransnniEaian o>nd/or recaption, Hy<^r^iilic iadc^tion bat/zeen ihe irrterior ^-nd exterior of 
111^ ruL^ilivr lA pfoxndftrt f/^' ^^>^sf^lJl>^ ham^r mftans ivtHie f^mptci fttfllinns Srtr\?i<>r!t and/orit<^ijrnftA ftf<^ mounlp.^ nn i\m in ronl^ 
whiDh i& adapted for transmlesion Ihroygh s drill siring to engage v<ri1hin the tubular in align men* y/ith the slotted sfaiions. A run-in 
tcy>l f.^ntigurahon indudftitj-f roorJulfllnr ror rftfll limfiWirftlftfift f.iftmmunif.ivtioft v^nhthft ftuitvf.ifr aiuS^nri\iniolft rtcv-mhoift ronlfs A 
lubLilar ^nd run-in lod oonfiguralion also includes induDli'/e couplers (122) for wireless signal dala Iransfer. A niethoc^ tor 
m^fii^urniQ ^ tom^on f.-harairt^nslif: i/tilmns a run in ind ftda^yft^1 Willi an inTefdv.vna^i^jhlft find «iftsnit*rit tor nuilli mort** 
doi/.<nhole (ransporl. hsethods for sealing ^n opening (33) on the eurfaoe of ^ tubular having an elongated body v/ith tubular •.'.<bIIs 
anii> a r.^ntr.^1 bore 



-2- 



I/I7 



FIG.I 



FIG. 3 



.30 



38 -_. . 



..36 



12 — 



36 - 



. —36 



38- 



1 



-- J2 



1... 



?2 -H 



55 



4- 



2/17 

FIG. 2a 



FIG. 2b 




fj ONE 0,25" WfOE SLOT 
<3 ONE 0.50" WIDE SLOT 
^ TWO 0.50" WfOE SLOTS 



FIG. 5 
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FIG. U FIG. 16 
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FIG. 17 




.11. 



12/17 



FIG. 19a 



\ 



S 



S 

- 



s 



s 



S 
N 



\\\ 



It 



'-Rx 



...•30 



— 7x 



W 



FIG. 20 



\ 

\ 



r>i" 



i 



2 



s 
\ 

\ 
S 



It 



s 



-Tx 

■30 
-Tx 



-Tx 

- JO 



30 - 



J2 — 



12 



"1 

ilil 

o 



i2 



;2-' 



722 



^-122 



}2^.. 



if 

o- 



/22 



'J22 



42 



nGJ9b 



m 



o- 



722 



J22 



1 - 



n ■ 



r 



)22 



122 



122 



O 



722 



It. 



Lj 



.ir 





.11- 




I5/J7 



^300 



DRILL A BOREHOLE THROUGH AN 
EARTH FORMATION WITH A DRILL 
STRING iNCLUOiNGA TUBULAR SUB 
WITH A SLOTTED STATION, EACH SLOT 
FULLY PENETRATING THE TUBULAR 
WALL TO PROVIDE CONTINUOUS 
PASSAGE OF EM ENERGY 



ENGAGE A RUN-IN TOOL ADAPTED 
WITH SIGNAL TRANSMITTING AND/OR 
RECEIVING MEANS WITHIN THE SUB 



-'310 



LOCATE THE RUN-fN TOOL WITHIN 
THE SUB TO ALIGN A SIGNAL TRANS- -^^^ 
MITTING OR RECEIVING MEANS WITH 
A SLOTTED STATION 



TRANSMIT OR RECEIVE A SIGNAL 
THROUGH THE FORMATION VIA THE 
TRANSMITTING OR RECEIVING MEANS 
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FIG. 25 
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ADAPr A DOWNHQLE: tool WfTH 
SIGNAL TRANSMtTTlNG MITANS AND 1^405 
SIGNAL R^CEtViNG MEANS 



ADAPT THE DOWNHOLE TOOL WITH. 
END MEANS CAPABLE OF ACCEPT - 
fNC A FISHING HEAD OR A CABLE 
CONNECTION 



WiTH THE FISHING HEAD ON THE 
TOOL, ENGAGE THE TOOL WITHIN A 
DRILL STRING TO MEASURE A FOR- 
MATION CHARACTERtSTICUTfLtZINC 
THE TRANSMITTING AND RECEIVING 
MEANS, AS THE DRILL STRING 
TRAVERSES THE BOREHOLE 



WITH THE CABLE CONNECTION ON 
THE TOOL, CONNECT A CABLE TO THE 
TOOL AND SUSPEND THE TOOL WITH- 
IN THE BOREHOLE TO MEASURE THE 
FORMATION CHARACTERISTIC UTI- 
LIZING THE TRANSMITTING AND 
RECEIVING MEANS 



FIG. 26 
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PLACE AN INSERT WITHIN THE 
TUBULAR QPENfNGJHE INSERT 
FORMED fN THE SHAPE OF THE 
OPENING 



APPLY BONDING MATERIAL TO THE 
INSERT AND /OR OPENING 
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FIG. 27 
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PLACE AN INSERT WITHIN THE TUBU- 
LAR OPENING, THE INSERT FORMED 
IN THE SHAPE OF THE OPENING 



L.,. 

PLACE RETAINER MEANS WITHIN THE 
TUBULAR TO SUPPORT THE INSERT 
AGAINST THE OPENING 



FIG. 26 
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DOWN JiOLE SIGNAL COMMUNICATION ANS MEASUABMEMT I'HftOUGU 

AMETALTUBDLAll 

1 . BACKGROUND OF TKE INVKN^IION 
5 1 . 1 Field uf tlic^ lavcnl ion 

'Itifs mvcntion ixlatcs gciicnailly to iiivcatij^tiou of stibsiurfacc eaith fbrmatiojis, 
systems Hiid inothod^i ibr IntiiBiiciitling i^xidht recdvini; k »ijfi'ijsil Uuough a metafile tubiilcii; 
liwdj nKTrop^lTOdm^y: to ^ <li^\'fci^ lor recdivfng a run-iu ImL 

]g 1,1 DescrfpfliMt of Related Art 

Resistivity imd gfttiutia-iity log;;itig arc flic two fccmation evalufltrj:i}). 
. nicwjUTt^jxiL<5rxU itirt maat olleci in well loggrrsg. S\ich fti^Bihian^ibj ^ used to locate aiid 
evaliiartD tho propcatics of potential hydTOC£ivboii bearing zoiics hi sulyFurface tariiiitfioii^. 
Ill many wdli^., ll)$y Ar$ Oie ooly two mwigiwm^JilB pcrlbniicd,- p^ticulaily lu low cost 
1.^ well ft arul rn surface and hiter mediate Auctions nfrnofe fi^ipetij&i vc wells. 

Thcsc^ bgghig Ccohj-iiiiucu ^jtc icsfliical in iliffciXiirit ways, A vv»oli tool, ooniprifjiiig 
a Jiumbef of iransnntting and detecting de^'ices for measiirmg vafBOu» paiaiiicterB> can be 
lowered into a bordiole on die end of a eable, or winBlinc^. 'J'he oiifole^ \v1)iii>h iet attaelicd [o 
some soil; of mobile i>i'0(M:s»iiig uciiler si (lie Burfacc> is flic m^ans b>' winch parxutieter 
date is fient up to the surface- With fliis type of wrueliae lojjging^ il becomes possible to 
measure boreliole aiid fouiiatioii |>aiaiiictcL]s as a function of deptb, Le., wtiile 11k loel is 
being pulled uphole^ 

Scurie \wll» n itty twI be bggcd bwttuw wireiine logging is too expeiiAive, \^\\m 
lig time is included in the total cost. Conditioning ihe vv<^ll ibr wiiulitie fo^giiig^ ligging 
35 up the wirclhic tools^ and the time fo run flie wireline \x>oh ici mt! oii( require rig time^ 
ITijri/A>T)1ii). ur devialixl svtAh «lBe prcswit increasod cost and difficuTty lor Ihe ue^> of 
wireline tools. 

An aJienniativc (o wirc?line logging tcchiiiqn<2s is ttie coll eclix^u of data on 
^IowitJkiJ^ conudidons cluiiiig flic diilling piocess. By ci^llculiTig «iul l^roccssing siicli 
'i\> ixiCbrDiKlion diuiiig Iho drilling process^ the diilier can modrfy or 4;c>m:ct key steps of the 
operation to optimize peiformance. SOierncs Iw eollcwiing data of downliole cofiditiuws 
and movement of the diiiling assembly during the drillcng operation are know/i {I8 
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Mcasuranent Wlul« Drilling (MWD) techniques. Sitrakr technlq?4cs fowisiiig inoi^ on 
tt)«;y«ur(,un«it of fonnation pai'flrrirtraw (luni on moveitiujji of flic diilTing eetscaibly are 
kiiow as Logging WWlc Dxilliwg (LWD). As wrOi wivdLic Jogging, ihc uso of LWD arxO 
MWD (opl8 may not !» justrfliicl due to flic cost of ttxe wfuipiiiait and the ausoraated 
service tiiuw lliofools are in the fiofe Ibrllio entire time if tokcs Jo drill the secihn. 

Loggijig Wfiile Trrpjiinjj (LWT) presents in;o8l-cfroctive attefrnuivc to LWD and 
MWD teii>irii(|ucs. In LWI\ a sjnaTI flfjiTnict^' "miviti" foot iff aciU dowiiJiole rfittiugh tlic 
diilJ pipe, at. thj> end oi' & bit lun, Just hefors ihe. drill pipe is putlbj. Tlic mn-iii tool is 
iwcd (o nicaauio flie down hole |>hy«iwi] (|uaiifitic& as tlie Mil uCiiiig is extracteJ or tripped 
out of the lioTfiw MctteiiroJ data is recciided riiio tool incmoiy veiwa Cimt; during tftij trip 
out. At Ific saiface, a secodd 8c?t of equipment recoitlif bil dcptli versus timo for tlie trip 
oiil, wiO ilm allowii the measureiticitCs lo b(> placed on (bpUu 

U.S. Pat. No. 5,589,825 describes a LWT Cwlmiquc jucorporaling a Jogging tiwl 
attapiuil Ibr movomcnf tlirough & drlTMiing and into a drilliivg sub. "Hie '825 patent 
descril}efi a $ah iuwiporaling a window JtiJediMiism to pemilT si^jiial comimuiiwitioii 
between a housed logjjiuj; tool and the weilbnrfj. The window meciliuaiiiaxn is operaljli^ 
belwccn an o^cn and closed poftftfon. A disadvantage oJ' ttic pioposod apporAtuu is that 
fJic open-\v?jidow mtx'hanisin direct I y cx[M>fiiw t^ic logyiug toof to ih* ixigosc and ihm\\o 
boiicholo ciiviiottnxent, where todnualion ciif lings are likely lo damage the ]i>^gh\g tooJ and 
jam the wimlosv modujuiiflii. Dowiiliole condtlioue pro^essively bwomo move ftosiFlp al 
gr««tor doptlis. At deiiths of 5,000 to 8,000 meters, hjrtUnn hob feinperatimcs of 26(t\': 
and pressures oL 170 Mpa are oflea eifCountwcd. This exacabates degradation of 
extonial 01' exposed logging tool conipouents. Thvis, an ojien-wtfidow stractiine 
Einpractrcal t'iv. u»c in a dowuhole environrucirL. 

UK Paitcjit AppUjWkCion GB 2337546A dcKjibes a composite sinjuturc 
incorporfltej vrilliin a drill oolTar to pcmiit flie passage of olccfroinagrielie cmcriy foj- use 
if* rirteauitticmoufg during ttie drilUiig opsrati^w. The *54(i appl5ciiCi<ai describe.^ u drill 
collar having voidK cr u'ccsses with embedded ooinposice covms. A diaadvmlagc of tfie 
apparaliw pioposcd by the \S4fj application U Qie ust: of conrpositc inateiialB as iui 
triicijTOl part of the rtrilT collar. Fatigue lijuding (i.e., the bccuUiig and roiKting of the drill 
pipe) becomes an in driUiug operitliiina. When drill pipe is Subjected to beading 
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or \armtjM, tlic sliapcs of tfie voids w iwcaacs change, ri»uJting in stres$ M\vrc aad poor 
Bcwliiig- 'llic diftereJices in mataial properties bclwccii the mmj and ooniposite i^ovcra 
are diracuK. fo manage properly wlicrc flic compci«Cc and metal Jire required to act 
mecfiaoic&lly usoito piece, siich a& ilescribtxl in the '54fi qjpliwjtfon. 'J1«m;» tiip iitcrcaaed 
pnj]>ouBity for fai lure ufwler ttu? cxlntaiio sfinessses ami loadiiij; eiicoufijiired during dirlliftg 
operalJorw ujwIcob iinplonenfatjon o\'aw Owiciil>cd riiiictUTU impracficaJ. 

n.S*. PRto. No8. 5,9S8,30l) and 5^)44,124 describe a composite tube eUiiotuie 
^daplcd for use in a drlll,Urrag. Tho '.^00 and ' J 24 raUxits describe a pfccowise sfraeiarv 
incliidiiig a cairji>ofiite tube asauiiiblcd witli end-iUliugs and an ouier wrapping cofuicoling 
the tube wiih tiic aid^fiftin^is. C/i. atWiliou to Iilgb. manufactuiing oosla. anoflier 
disadvantage of. ilxxs stmctnre is ffiat the uiiilli-p«iit assembly is more pjwfie li; fiuturo 
imOca- (ho oxtrcinc sCiiessett encouuCavd dniing drilling o]>UT4itLon5. 

US. Pal; No. S,93^,aH5 deactibe* j» well logging appMruUis includiJig a ntoimting 
raetiiber equl|ipe£l willi coil antennas aoii hoiiucd within a slotied drill collar, I-Iowwcr, 
Iho apparatus is not designed for LWT operetkwu. US. Mats. Nob. 4,041, 78f» and 
4»047,430 desfcribe a loj»ging instrmnexit Qwl is pumped down into a dtiPl pipe for 
obtaining logging samplef^. Howcvca-, tiie syma proposed by the 780 and '430 fwuenlu 
rwiuiiTcs the withdrawal of lh« caitiiic drill string (llw removal of tlie drill bit) before my 
logging tnay be witunaicod. 'I'hu«, iiiiplancntatloii it/.' Che dcsci'lbefl eystom is 
inipracficaJ and nof coe( <;>frootivo for many opijiKCioiis. 

U.S. Pat. No. 5^M).,A^7 dyscaibcs a telejnetry method aiid appai^tns for obtaining 
raeasuronicnts of downlKtbs p«ramctciis. "J'fie '41? palciif descjibes k logging probe tbat is 
tgootcd into the drill sliiug, TJie lf>ggl/ig piobe iucludes a yensor af one rad tlurt is 
positjonod ttiiougli an ajiemitc in a special drif I bit at Ihc aid of tbe drill string. Afi »?uch, 
tbe SBDKor lu<i} dinod access to ilie Mh boio. A diffadv»uf«go of the app^xyfus propoised 
by Iho '437 patent is the jsenifor's direct ejcposnfe lo tlic damaging conditions encounlcicd 
downhole. Tlie us© of a small probe protautfug (lirowgh a sniAll apcifure id uIbo 
imiimctical for i«si«livtLy logging. 

US. l>at. No, 4,914,637 describes a downhole tool adapted Jbi- dqjbymeirt (w/i 
the siuface thrijiigh Iho drill strhig to a dcaivcsd locattyn iu the conduit. A luodulafAVT on 
thetttol liwifiinits gathered argiud data to the sudaco. U.S. I'm. No. 5,05i),fi75 (assigned 
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Ix) tlic pnesejif assigrjiw) Ooijctibcs a p&i'J<>f^\(mg apv^siafoR ijiuoipoiatinit an iiKhiclivc 
coupler oonfigurafion for signal coimmiuicatioi^ b«>tw«?i^n the sui-fisce and tlic dmviihok 
toot U.S. Put. No. 5,455,573 cicswibcs m induotivt; coupling dt^vbc? for coaxialjy 
airanged dinvfiTu>l«! (ooIb. Downliole technrqu(;s liavc atso beeji px^joscd utilizmg uloCtcd 

A tubes. U.S. Pat. No. 5,372,208 <1 w>xuibcs flic use of wloUcd fabo sect icni^ «<i p^^rt of a drill 
sfimfi to fian ipJt^ ifround watca* during drilliii^. However, mn^c of liicsc pitipos^nl syefan!; 
n?latoto tluougji-tabin^ rrica^umiiiciif or signal traiii^rc?!. 

]( ff> ilcwi^b to obtain a simpJrrial Hiid rclkil)(e I.WT uyetan and inblbodij for 
luciaUiig m\d evaluatijig (h^ propw'tiCB of potentuil hydiocaii)on b^wriug zones in 

fO SiibBiiiiaco fbnnafioiis. 'Ilmi^> there? raiitiitis a need for an improved I.WT Bj'ufati and 
niefliods fbrtTiiT>?i]uiil(iiig aiid/or receiving a ni)sx\vl tlmouglian earth fomiation. litem itfoo 
rciinwiiis « uccd for a tecfinrque lu mcM&iirc flio characud^Cics; of a subsurl^UTc^ fontiatioc) 
with fJie use of A vuwitilo apparatus capable of providing L%T, LWD or wij:dino 
ulcaffuncmcuts. Yet another mnwwiring ncod is that of cITcctiyc tochniqniw for scaling 

15 aperciire^ on afuif iicc of tubuJai- menibew UBcd for dowcihole operations- 

2. SUMMARY Oli^THR INVENTION 

Sye^ldiis and nicfliods are pfiyvfckd utilizing an inipuivcd dowjiboTe Cubulai* 
. having an elongated bojy \with hibnlav walls and a genta^l boro adapted Ui rcwcivo a run-rn 

'Xt> looL Tiucj Iwbulav iias at least <>n^ slot fonncd in it^ mil lo provide lor wntinuous 
passage (>r a ^^ig^Kl (c^g,, c!ectrojnagnel:fi; r;nw'gy) that k gaiciatod or re^eivcsd 
nespeetively by ^ source or sensor rmouikted <m the run-in tool Tho lubulai' aleo indudcs a 
pressure bariiec wiQiin flic ccjitiai bore u> niHiiitain hydrauJio iiifcgiity between 
intaior and ext«Tor of Ihc tubular af the aloUwl sCafion. 'Jlie lubuUu" acid mn-in tooi 

25 combmalit«w lyixmdc s>'stcms and rrndliod« for downliole wigiiai commuriivatioii and 
firtiMiaou inoasiuement thnciiigh a metallic tiihular, A tcdmique lor measuring ^ 
foimation churavtciistiG utilizing a run-ltl tool adapted wrtU a multi-mode en J sogincnt is 
provided. Techniques ai^ al$o providod for effectively stalling opejung*^ on the sua-feee of 
tubulornunnbas. 

3i> The fnvei\tioo inwides a downhote tubular oompribiug an elong^iicJ body with 

twlwlar w^ab and a central hi^ut, Oio body indndit^g at least one slot fbimcd tliet^n bucIi 
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Oi&C Ihc Blot, fully penefrateft tb» lubulai waH; and ftuwiju to provide a jsttwrurc ban-ier 
becvvee/i the- iutaioi and cxferior r>rttiu lubulai- wall, flie rtieanu located within Oioccaiti-al 
b(xo in Hligninent wJtd t?te ttt lumst one slot. 

Tfie iftVGDlion also provides a «y*lraii for receiving n riin-in fool. The system 
li OOmiJriBiiii; a sub having m ^flongntod body witl\ iQbulai- walls and a conlr^l bore, the sub 
being Rdaptwl to fonti aportiosi ofu length of drilT sJrijijj, Tho sub inclwlhig at kart one 
stetion having &(. le«8l one slot foimed Hiertnii sudi tliat the slot fully peneiniLcs tlic 
(ubuf«]- wall to provide a cotiMntJomt cliataiel for the pawwigc- of a signal. The niii-iii tiOi>l 
being adqifed Ibr Cranuit ttnxjiigli the drill >tiih\g and into tints (xaHrA bore of tfie uHb. The 

10 syst&tn a](if(> iudutliiig means for mc<ti\iiig Qxo mti-in tool within tlie sal>. 

llic hiventii>n alsu lauvidcs a sysiBin for receiving a ruju-in tool. The system 
coiMprisiiTg a 3ub having an elonjjalvd body with tnbtikr walls and aCtifiUTil boi«, flw sub 
being ivlapfcd fo fanii a portion or:iInigth of drill strmn. Tfaosiib inclinling at least one 
iiidnctive cou]>1ln£ means disposed thereof\. Tho sub iiicludlfig xt Icasf one sigcitsl source 

IS <>r sensor disposed tliejieori. TIk? i\iimii tool inolwdiiig at least one inductive coni>l«ig 
means tlwiwsod fhacon and being wkptcd for tran&ft ttnougli tlie drill «iTiii^ aiid into the 
wisDiral boEO of the mh. T»w myfikm also ijicludiixg means foj- lei^civmg the r\iii-m tool 
within the Aiib, 

The invention kIso provides a mellio-J for tjansmiteijys and/or receiving a signal 
it> tfuougli m\ caith formacion. Tlic incfliod compfiwug drilling a Iwxx'aicjlc fhrotigli ihc owth 
foniiatioii with a Oiill stiing, tlie drrll scring including ti onb liaving an elongated body 
with tubular walls :md iiicluding at least one stofroti having at Teasi wio slot Jhcmwl 
awndwj each at Teafit <mc slot fiilly pejwtrating fho tiibuTar wall fo proviiie « coiitinuoui! 
ohaimel tor ilie jjaasago of a signal; cngKging a ran-ln tool within the ^ub, Ihc mn-ia Cool 
bang adapted with fiigtiaJ transmitting nutans and/or signal receiving nieaTjw; locatiiig the 
iufx-m tool within the sub uuoh (luit at leajit ont> sipal ti?irtsmitliiig or rweiving ineanp is 
aligned wiOi al. least o]ie sTocietl <rtalion on the aib; and tianstniKing orreceivrng asigiial 
through tlic formation, rcajKctivcly via thi? Iransmitfing (WTCuciving meftn». 

The invefilkm also provides «. mciaiod fof ni«;a«uring a chai-Auiaistic of ati .jaith 
w fonnation Kinwundiug, a horebDb. 'Jlie niet>iod comprising inlajrfing a dijwoliolc tool 
with at leaAt one signal ttafcsrnimng meatis arid at least one aignal receiving means; 
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adaptrcig t>tt$ dknvxiliolc tool with eiid mt^iis cupubtc- of ^ocepting a fli^biug hc^ad or a calblp 
concici.'(icm; anti ^vith flie fishing ht^H oii Qic tool» aiga|;mg tli« (oul within a drill string [o 
iin<!asL»e tTie IcimiACiuii du3rdctciistic utiliziog Uic li'^iminttiiig* and receiving means; or 
wtth the c^>T$ c<^iiixeoli<;ai ou tlio tool, coniiectiOjS u ctiblcto tlie fnol fttiO BuspccidLiig tlie 
looj witliiii the boi^ofe to niezufmcx? Hiq fbiinatcoii charocLeribttic utilizing the iraTusmitting 
and receW\j\g uicaixB. 

Tlic invention aljjo pioviOctf a method for sealixng a fully penetrating y|Kaiiiig on a 
tubular, ihc tubulav having an elongaljoil body witli fulmlai" v^-aIIk hiv^I a central hi>rc 
adapted Ibr fluid pitssagc. The rr^etbod. comprises plaehig m iittjcrt wiflicn the opening, 
tlie ijns^jjft bcdzig lanicicd in flic «iiape of tJw opening; and appfyirsg a bonding material lu 
the umrl *md/yr opuiimg to bond the infiert wilhin tlic opening. 

Tlic invcaition also prcvfiles u nidliwd for seating a fiiDy pcnctnafing opetiftjg on at 
tnhnbr, (he tnbulnr Ij^ving an elongated body witf i (ubular w;il2s and a vcxtd^al boio. The 
nn^Uiod comprising placing an williin die opening, dtie hiBml being fonned in llie 
shape of the opening^ siid placing refaliier meAm xvilLiin the tnhutar to ^ui^poil the insefC 
against die opening. 

3. teJllEP DRSCHJPTIONOF J IfK DRAWINGS 

Othei" a^pbcu^ a^l vantages of tlie ijivenLicn will become appareitit upon reading 
the fhllowing <Icf ailed description and Upun rcficmice to the draNvinge in wJiich: 

Fignre ] is a Acli<:malio cUagiam of a run-in tool in accond witli the invaition. 

Pignre 2ft it» h ciosiS-sccfional view ol* & lun-iii toof sTiowifig aii antenna wifli 
liUjaooiaUxl wiring and passaag^s in aec^id widi tlie inveixlion. 

Vigmx> 2b is a scliematio drjagt^ini of a shield fiCi'uollJK> BUiioundhig a(l tuiicnna on 
the nin-in tool bi record with flie inveoiioii- 

FiguvQ 3 is a soliematic diagran^ of a fnbutar iTiernbwr with sTotCed 8t«(ioiis in 
Mcc:^;^] witlitlic iiivenfloti. 

Figures 4a tiTid 4b arc sclicinatic diagrams of a jun-i/i lool engaged >vilhin h 
tubular niemher m wiucrd with the invention. 

Figure 5 giapliieafly ilTueCr^U^y tlic rdationshrp beLwcmi the (itoX dimensions of a 
lubulat segment oCCbe invention and the aUcnn alien of pa^sifig-dcefroinagnirtie ciieigy- 



Figuro 6 is ei sdiciuafic diagrarn of.* A ruiviw tool with a centtalissci- configuration b 
accord with xhe iriv«rjulian. 

Figure 7a is a cj^ss-secCfOTinl view of a tubular mefrjbci witli a jiresjsur<j bRxricr 
configurafioii iu accoid^itli ilics involution. 

Fngncift 7b /» a crosB-sccfional view of a Qirco-Bbftcd tuhular meniba- of Figure 7« 
along line A- A, 

Figure 8a b a cnoss-s^ctionaT view of h tubular mernbwr with another pnjssiirc 
barr I er i^n f xg urulicn in accord witl] ttie 1 n ver u[j un. 

F igui'c gb k a cro*38-!$t!>ciioiial vio\v of a thiWHjjIciltod fubular membef of Figure 8a 
alofig )i5)cB-B. 

Figuic 9a k a crofls-s^fclioaiKl view of a mii-sii tool posilicncd in aTrgamciit with a 
pi'esfiure burrir^ configuration ni accord wjtJi (he invaitioii. 

ingiim J}b ia a lop view of the jiin-in twi and ijressui^ l)A«ticT confifiiinifioii of 
Figure Sa. 

Figure 10 is a onoss-sficfiotia] of h prcasiu^ barrri^r aiid tubular inerxibw 
confifiuration in AU^onl wiQi tlio invention. 

FiguKc II is a cmfifi-sbcCfo?.wl view of a slotted UihKilm member witli m mnoii, 
seal, and refaining sleeve in wifli tlie inveritio;i. 

FigiuTCJs I2a and 12J> are Ojros«-sco(iagial views aniS cul-away pevApeclivcs of a 
siloCtiJHl tLibi^lcir srtation wfth a tapered biol aiul a correspofidfna Ltpcrod insert tJi accoid 
witlifhc invention. 

lubular m tmhn- 'm aoc<nd with the invention. 

Figures I3b and Uc eyhciiiatio diagrarrio of a mn-in ljn*>l and axitenm 
sunoiiuded by a roc««i)ig diiold mid resi>et5f.ivdy showing tfw (d)id<I»s effecl Drx Ihc 
mafit.\«lic aiid dcotiiofieJds in accord wiOifhoinvenJfcui. 

Vtgunt 14 is a fop view of it wMcltliug stnicture (wntod wifliin borc of the 
tubular nx&rabw in accord with tJit invention. 

Figitro 15 is a scbenujtic diagram of a aliidding structyro foiitied l>y » cavity 
wifhin tlie run-in tool in accord wicfi t>ie invention. 
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Figure Id is a scljednaCic iliagram of a nui-jfi Cool iticlwcfing a nboJulaUjr caigagcd wicl«a a 
nibuiai' mcnsbei' iii ac4;i>ril witfi ibt jJivej^iroTi. 

Figure 1 7 IK a fjchdiiadc dia^rajn «f Lhc niu-Ui tool oufifiijuTHf joii of Figure 16 us uscrf for 
rcaMimc wiroJcss comn^iuiicatiOTi with a ranotc dowtilmlt; tool in accoid wctli invention. 

Fifini"e 18 fi; ii ^c^hciuiific dia^rain of a run-iii tool configurRfion for jKm^iy 
inea&iire3iit;ril» utilicfng itiagiietic uulI^^t rcsotiat^cc xecbtkiqiscH in ?««>r<) witli the Jcivcsrifioii, 

Figures I9a aj]d l<)h }4rt> ^ohoinatlc diagrAi>ifi of run-in tool ouitennji Lonfijpirafions within 
tubular niej/ihcra in nccord with the iiivention. 

Figure 20 riiows scliemftCic tiiagr»nT^ of a (nbuiai* iiwmber nnd rnu-ui tool oi>n figuration 
with induc*ivoconj>lef£ iii Huoard with the luv^ntion, 

Figures 21a and 2Jb rwipeclivcly sJiow a sdieniacic cii^guxm <^f aji eccenleral Diii-iii tool 
and tubular jnember with indnctive couplers jtnd a top view of the cmrffgurafion in accord wilh 
lh«invBr»(ion. 

Figurei; 22a afuJ 22b arc sdi€itiii£ic diagrums of an inductive coupler configinafioii wiCJiin 
a nin-i/i tool and litbular member m iucotinl wi(b fho invojilion. 

Figiin? 23 is a ci^£i-fiec[i«nal view of an iiidiictjvb ccmplcT and sliield confi^funitioiT 
inaunCe<J wtihin tiibnlar nieiiiher in accord with the invention. 

Figiurc 24 is a £dlem^li[^ dingram of a SMnpliJIed inducfivc coupler circuit in 4ii;cord witli 
(ho jjivei^cioa. 

l^iguic 23 Is a flow i:han i[)nsti;athig a Method for tr^^nittcng mifor receivrng h signal 
through m earth ronnalicm in acoond with tl)e inventiw. 

Fi{;uTc2fi is a flo\r clurt cllastraling a inofliod loE* meai&uring a chnriUTtcijstic ola» ea^th 
IbrjnisCion ^unoMndlng a boreliole in accord with thoinventiorj. 

Figuii?.27 js a Clnw charl ilUistrafing a method (cir ne^Ung an opening on lEie aorrnce of a 
tuhuhinncmber iu acc^ml with Iho invent Jon. 

Figure 2i is a ttow chart rilujitniting * method for aealcnj u fuUy penetratiiig opening on a 
fiurriicc of a tubular TniscfihcT iu accoiidl with the c£W«iti<in, 
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4, DETAILED DlCiJCUl P I ION OF SPBCIFlt : KItf DODIMBNJ 

ill the iiiterest <>r«;Uwitis not all features olacUial implementation ^0 escribed in 
thh ?ipwj.QijAlicni. II will be ai>preciaitetl 1M ulQiowgli tlie deveTopmciil of any *uc1i. actual 
iiuplcaiiciitatiort might he wnnplcx and finierConisximing> it would nevcrilidcss be a 
routine undctlakciii; for fhofie ol" ordiiiury skill i» tha art liaving the benelli of tliis 
disciosiu'ew 

Tlic; «}jpaiatuis oftht fin^^^nUoin cx^nsisfs of fwo mair< asserts, a inn-in tool. (RIT> and 
a drill cnll^ir. HcMccfoitli> the drif I coTl w will liorcfciicd fo as the kuIi, 

4.1 RI'l 

f iguro 1 sliows an emhodixntaiU of llic RIT 1 0 of the iiivciifioii. 'I lie RIT 1 0 is aii 
elongaie^l, raujll-diaiiictci-, mefaJ maiidwl lh»t ?uay contain one or inore anteouas 12» 
Bcuiiu<GS^ seiisors [sensDr/il^u^ubr anc inteiehangeabTe Ccunis as used Tie/vin]^ inagjiet^ a 
©artirria-Diy Oc?[octoi/gcaiei'atoj' assembly, iicutron-geiierathg/OtJlccliiig assemWy, various 
electronics, ballrac^., a downlioJe procfissiwir, u oloek, a read-out poif^ and rwottJing 
mexciory (iioLsJiown). 

Tlie RIT 10 <ioci5^ noCliavc tlieTneehafti<;al rcqumanenfs of a drill coilai*. 'l^n8^ ife 
ni^ohanic^] constraints Ace grwOly icdueed. 7ti^? RIT 10 hais. a Tathding inechanifipi 
(tflLugcjr) 14 on tiie bottom er^xl unJ a fisliing head 16 cm the fop. TiK Hyhing head 1f> 
adows I or l>ic RTF 10 fo be captured arid rcliiwcd fi oin wiftiiii sub witli tlie Wtc of a 
i;oavcii[ioiial cxfiaction toDl i^udi as tlic one ^le«CTiJbcd in Pal. No. 5>27K,550 
(assigjied to the px^^ml jtssigiiBe). y\n a^h^ntagc of the fiahsble BIT 10 assembly is a 
Induction i)rj^st-Eii-Holcc^sts- 

As shown til KigUi:<^2y, C4*di awt«ma 12 ori ttioKIT 10 cof^uiffls of imilti-tiwn wivo 
loops cnciificd in fibei-gJass-epcixy IS nioniited In a gjouvointlie RIT lOprcssui^ Jwraing 
and i;ea]ed wilh ixibbci* owi'-moldfog 20. A fced-thmu^ih 22 provides a piisscige for tUe 
JuiUaiiia 12 wirmi', leading to m inner bone 24 wiaiin tUe RiT 10, Badi anterjtiA 12 may 
be activated do rt^i^vo or traiismrt au i:^ljx^ti'oiTusgiietcc (RM) dgiial as kno vvn in the ail 

TIm? anUamas 12 radiate m aziniutbaf eJeoiric fiold* Hac>j wiUiuia 12 i^ ptcfc^i-abJy ' 
surfoumfcd by a s<amlesA-ftieBl f^hidd 26" (simflftr (ci fbose desoribwi in U.S. P«i, No. 
4/J4«>,045, assigned fo the prw«ait assigjiee) Olal lias one or rnorc axiaJ slow 28 aiiayed 
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sjvmtd tlio sliiold 20 circum ferencc. Figuiv 2b sliows tli$ (lidul dots 28 diBtri)jiH(>a avoimd 
the cijicttitifeiieaw of Qie sliiold 26. s>ki«l<lB 2(> arc sfioit-circufteO at the axial eiuh 
into the metal niandrd hotly of the Ufr IQ. Thwic shields 2(i jtermic Iransvetse efeotrii^ 
(TB) radiation to pKipagfilu Ihron^i wliile blocUinfi trausN'casc inagjieiu^ (TM) and 
tranavbfrtu dwlnnnagiiotic (TtM) radiftliOB. Tlio sliiclds 26 alsu |>ro(ccf the antenjuas 12 
ftoiu oxternal damage. The RIT 10 clcctioiiicR atJil bchboi anchitectiuie resciwblca that 
desci-ibcd iu U.S, Paf, Ho, 4,J59y,l 1 2 (.isirigucd to thopiesent as^ignw). 

4.2 Sub 

Figure .1 sTictwu aii embodiment of a sub 30 oi Iho invaif ion. The; sub 30 bae an 
elciTiiSRtod body with fiibulai- wall}? m] n ccntial bone 32. The sub 30 contains maflvx 
olcctroiiics nor sensor* raid is fully metafile, preJ«i«bly foiincd fiwn ^CRiiilcss steeJ. It in 
pare of ttio iioiinal bottom hofe afiA«ubly {BHA), and it iq (u Qio hole with the dicill siting 
for the duration of Che bii run. The sub 30 Tias nojnroHl Iliicadod oilfield wsniicctions (pin 
and box) KCcach cud (itot sliown). 

'lixe $ub 3.0 inoludos o«c or more miotvi 36 svitb one or. niarc axial slots 3« 
placed olCTAg llw Uibiilar wall. Hach elongftUid axial slot 3& fulTy pcuphafcs the tiibubvr 
wall of the sufa 30 and is prefmbJy foimod with fixtly mvuivA ends. StresA wodding lias 
slicwn Ibat n\lhcr long elots 38 may be imutx] in fhcaub 30 walJi^ while still jnaintahing 
1h<i Ef Irootiu-al intcgiity of the jjub 30. Sdcss nelief g^vtoves 40 may be add<;d U> the 013 of 
the sub 30, in regiflfiK uwRy fmm the stot(s) 38, lo miuimize tbe bending mciiieiif on ibc 
slot(s) 3K. 

Bach slot 3{< proviOcs a continuous Dfiaimd &r clectromjxgrictio raim^ to pai» 
Uuough the sub 30, The dols 38 bJocli 'I'M tadiHlioii but alTov? ihc passage ol* TE 
radiation, albuix witti some atteiraatiori. Thj& dogrco of at tenxwtion of TE fiekU by flic sub 
30 depsMids on fectoas *ttch a^ frequency, tlie imrnbw- of slots, sloi widUi. slot Tengtb, 
collar OD and ID, and fhe location and dlfnietiBicais of flie RIT 10 antenna, f^or cxamj>le. 
Figure 5 f;how« ihc sub 10 atfenuation uwasuiicd at 400 Itlife with a 25-tom 1.75«iucli 
diameter coil ycaifcccd in 3.55-lriohrD, <>.75-iTieh C>D subs 30 with one or Iwo slots 3S ol 
diffciciit lengths atid widllis. As evident liiodi Figuro 5, addjtjjj more slots 3;j ruid making 
the linger or wider deoccascs tlic attamaiiwi. Howcvfii-, with only oiie or iwy 0.5- 
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irjoh wide <>-8 inch long sTots fln> sub 30 aft^iMation is alrcady ~13 dB, which ift 
sufficieiitVy U^w fiyr maiiiy appiic^tiojui. 

Til oporatioii, tbe HIT ].() puuipcd down and^oi- lowcrocf fhjvmgL flw diilisfj-ing 
on cabJe at the enil of tl«> bit run and engafiM inside? flw; sub 30, Tho MT 10 is nsccivcd 
by A Uradiug "shoe" 42 witbin chc ooiiU^l bone 32 oriht> eiib 30, as stiown in 4a, 
Figure 4l>, shows how the RTT 10 is located m (he sub 30 so that nfieh. aiitcama 12, source, 
or sensor is ahgjied with a elot 3S iii tlic sub 30. Tin? Inndiiig shoe 42 prcfaably also }m 
K lafdiiiig action to prevettl. wy ^wial mofioti of tl»e PIT 10 once it ia ^^gud inside t>ic 
sub 30. 

Tuiiiiiiij to Figure fi, an cmbodiiucmt of the «ivciiti<ai iticJudi» a txailrali^ei- 44, 
which selves fo Ucp ilw RIT 10 centered mtd liable within the *ub 30, k>wei-ing diode 

8n<l reducing flie efTeclh- of tool motion on Q\» mctLsuienient. One or inoi« 
confralizers 44 may bi> inountcd withni tlie cemJxal toro 32 to coijslwin fhc Kff^ 10 m\ 
k«cp it ftoin hftting tlw ID of Qic Bub 30. One ox Moiv spiing-blacfea 46 may also be 
xnuuiited to CKtend frojn the ceaitializor 44 f» provide positioning AtabiTily for tbe ]\n 1 0, 
Tlie spr'fng-blad«» 46 arc coini>ressed ^gKlnul. Iho KIT 10 it is ciigaged wiCliiii the 
ttib 30. Bolts 48 with O-ring «i}*d« 50 may be used to Iwld tlio centraUxifrt:!*) 44 in the Aub 
30 while pieserving tfj.cpK;ssurc bairier beiivwii (lie ID and the CD of the sub 30, 

Altomatively, tlie iientaJim- 44 inay be inimnCcd on the RJT 1 0 ratlici- than on ihc 
suh 30 (H&t Figure. 16). In this case, tbe ceaitializci' 44 may be- wmfigiired to remain in a 
rcti^tctod made liurhig ihc irip cbwn, atid Co 0]>cn when the RIT J 0 lands in the sub 30. It 
vtfillbe unulastood that nfFier c«iilrHliza- 44 conligiiwKions may he hi|>Iciiioiited whb the 
invontioiias known inlbc ait 

The RJT 10 and sub 30 tmve IsM projieitieA ^iiniha- to a coaxial cable, with the 
RIT 10 acting ai; the ftuiisr coiidnctor, and Qic sub 30 acting as tlio outer conductor of a 
coaxi&l enbte. If tiio drilling mud is conductive, Lhwji iho "coax" i^ lossy. If the drilling 
mud is oil based, the "tt>ax" will have iiute attenuation. P<tt«iatic antenrw 12 coui>ling 
may tate pkcc inside of the sub 30 bdwccn I'eoeiver-rnwoiver or trflnamittci'-receivcr, As 
dcscaibod ahove, the shields 26 surmtiriding tlic aiitennos 12 arc g]iouiu]c<i lo the nia<«lcd 
of tlic lar 10 Ly minimize cajjaoltivc «ik1 THM coupling between iJicni. ElectficaUy 
balancing the anCaunis 12 also pirjvjd«s for TtJM coupling reiectmti. Tfac centr4lfy:«re 44 
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ixmy liho bo used as a in^ams of vcmUicI to provide ladic-rr^quciioy (if^ &bort-dn;iiitzf 
between the RIT 10 and Chi? sub 30 fo prevent pariiujjlio coupling. For exwruplc^ small 
\vhcx>ls WLth s]iaip tseth may rtio\JiLt(?0 on the ceiitialize^ 44 lo aisure a Tiatd shorf 
between the RfT 1 0 ^tvJ (tie sub JO (not sliown). 

43 PmjSfHj^ Barrier 

Since ah A 3S fijlly penetrates flie watt oJ' flw? sub 30, aji insu]aJlj^\g pressure 
barj'ibf lwciL to xxuuiiitaiii tlio diflfereiitJAl pf\5*ft*Mn? between the insi^Je iir<1 the outside ol 
the fiiib 30 anil lo maintain hydraulic ifiti^grity. Tlicrc nne a varix?Cy of mefliods lor 
estahlishifjg a pufrssure baiiicr between the 30 ID cjliuI OD at the slotted stafici] 36. 

Turning to Figure 7a, enibodhiiciif of a fiufli 3f| wiQi a pi-casure biinfiijr of tlio 
bv^iUiuii i3 biiowa. A oyluidrjcal alee^ve $2 is positioned within tbi^ cciilral bone 32 of t1i« 
sub 30 m Qligrjni(ail wilh tlic slot{s) 3K. The A^w^ 52 is formed uf a uiatciial th^ 
provides transpaie^ncy uy JIM ciiC3:g>'. Useable raulciiaUs include OJit? cJass of 
polyetberkefone^ described in U.S. Pat. h?o. 4,320,224, or otiier suitable resins. Vicir^x 
USA, Inc. of Wosf Chester, PA muruillicliuTcw oob type catF.$d PEEK. Another u^lo 
compDund is known as PEK. Cy(i!fi Fiberitc^ Oreeue (aid BASF inarfcet oUicr 

suitable thernlopTa^";t^c t^^iu ni^^CcrnUs. Ancrthej' use^lblc- mataial is I'eiJ^gonal Phase 
Zirconia ooiainic (TZl^), maimraclurod by Coors Ccramicw, orGoldca^ Colorado, It will 
be atvpr^iuU; J by Ihoso skilled iii the ad tli^l Uicsc and other tmtmals niay be oodbincd 
to fomci a useable sleeve 52. 

i'li^Kand l^BBK eaei mlhtjUaid substantial pre^urc? loading and have bocii used for 
harsh downbole oundilions. CcramieA cm vvillisfiand substajcitially hi;gboi' laads^ but llioy 
afTD not pai'ticuTarly lolca aut to shod:. C>)nipOBiJions of wound PHEK or PEK glass, 
c5tiTbo\if or KBVLAll may aTs^^^ he i wcxl to citlmce die filrwcrglii of the sleeve 52. 

A retainer 54 mid spaccL* 5(> aie inciudixl witliiu the cenT4:^borc 32 to sopporl. ilic 

52 and provide for diBplaooniait and alignmcnl with the slotd 38. The sleeve 52 is 
positioned becoi'ecn Iho iictaiiier 54 and Ap^u^ci' 56^ whict) ace (bnncd as hollow cyliiidors 
to fit coaxially within the oontral boi^ 32, Both are |>re(<t%bly inade of jJtAinlcss steel. 
'i1ie netaif^pr S4 is coiuiected xo iho bIcotg 52 at oni^ aid., with the »lc?ovo 52 fit(irvg 
coaxially ii^side the retouHU* 54. As the din't^itial pressure cwjicascs witlun tint ID of the 
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Bub 30 Oumij; opaation, tlie sleeve 52 xabis the loadiug, isolating th« sub SO fiom the 
pressure in (Itt? doUcd region. Hydiautic intBgrity w mainlaiiicd at the junction bct^vccn 
the sleeve 52 and retainer 54 by tm 0-ring seal S3. A fitted "key" 55 is used to enfiajsc 
Ihc dtjwc 52 to flic rcfaiiiei' 34, pneveftCiiifi tmo Rvm rotating reTtirive to Iho other (Jiee 
r^iglife 7ablow-ui>). Aw iiidox pin 57 is fittijd itwougli the sufa 30 and ex»gHgod to the free 
aud of tlic rctaiiicf 54 to pnevent ttie rcliiin<ar fixjin rotating whhm boro 32 of the Aub 
30. O-ritign aw al^ pkccci within grooves on tbe OP of flic retainer 54 ly provide a 
h>'diDulic seal t^stween flie (et&(rier54 huc] ibo sub 30. 

Tti <>pcr«tiou^ llic intanal sleeve 52 wMl Irkoly umicaso axral thewnal c^xpansion 
duo to Irigli downlMle tejnpeiatiii'efi, TfJus, il is \nTcfcrabi€ for the slecvo 52 to be cq>able 
of flxral rncivewjpixi hs it iradcigoos these clianges in onlw to picvcnt buckling, Tlio spacer 
56 consists of an inner cylirj^kr 60 willun an outer cyfinder 62. A spring 64 at one «itul of 
ttie OD of fbc inna- oyliuda- 60 piovides an (ojxio against the outer oyliiida- 62 
(Mialogous to an autoinotrve shock abrarbd). The outer cylmOer 62 is connecfed to tfjc 
bIcovo 52 using the key 55 ami <)-fU\g seal 53 al the junction w <le«jribod above and 
filK»wn iTi.ih<?blow-wp in Figure 7a. The spring-loiulot] spjMJcr 56 accounts IJjr dificrciitlaJ 
tlieiiicuil expansion of the cof«pprAwil8. Tlie sub 30 einbodimxi. of Figure 7a is shown 
voraKoUit} to oUica- tubular in cmbisrs by TJireaJi^O oilfield eojiiiectionis 70. 

l^or pijTpoBCB of illiisti-afioii, a sub 30 wiL>j only one sbt 38 is shovvn in Figure 7a. 
Ollid- cinbodiniaits may include areveral alcoves 52 lntercnr«i«»t>io(] in the descrrbed 
mannei- to pfYMde iijOi.vidual picssurc bai-riers over mulfiplc slotted staiions 36 (not 
Shown). WiQi lliis ooiifigm ation, only uvo 0-iiiig 53 seals to tlw ID of the sub 30 m 
used over the entire »1ottcil Mm.y scetion. 'lliis mininii/jQs (lie risk involved vvilli dragging 
the O-rios^ 53 ovw the slots 38 duiing atweiiibly or- repair. P^gurv 7b shows a om»- 
section of the sah 30 (Along liiie A-A of Figure 7a) wilh r tluroc-sJot 38 configurafioii. 

Figure 8a sliows another eniboOinicnt of a siil> 30 v^iitti a pressure bwricr of tlie 
invention. In ihiB eiiibodimcnt, tlie spiing-loadciJ spacer 56 majncains Qic oufor cyUndcr 
62 abuiiixl agniusfctho slce\'e 52 and O-rings 68 arc placed wiQiin grooves on the OD of 
Ihc Blowe 52, pieferably « bolh ends of the ufot 38. Tlic retainer 54 rests at one end 
against a slioulilfiror lab 5S fonncd on the w*Ul.of llic cojitral bore 32. Figui« 8b »howB a 
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croBS'Section of ihe a* 10 (»Uing lijo B-B of Mgure 8a) with a ttucoslot 38 
eoTifiguj:iiliyTX. 

Ill anofher embottittirsil oi' « incssuic bairier of tlie tuvention, a slee\'e 52 wade 
out or PHKK <tr PTvK. w iflass, carbon, oi- KEVI.,AR micd vciisioiw of t>ie«!& maltsiials; 
inay bo bonded to a metal iitserr. (Viol ohown), whcic the inserl conUiiiis O^riiigs to <4«al 
«gAiui}t Cluf Bub 30 as dcsaibcd above. tncial inaat could be inowwCcd witliiii f lie sub 

use of fastener fm^iB or locking jkiui (not tfhoxvji). The 
skcvc iiiatciia( may aJso hs fi)ol<kd or wi^ippcd onto flie fiUfijtDitiua iiiscil. 'Ibe ffb^ftj in 
tlie wrapped itincerkl Oaiialuo bo aligned tojimviduflddilioiial sticufith. 

Figure 9a sJiows anotUtt embodiment of a ptefa^uri* bairici- of flic itivijuCioii. In 
this enibodirtient, t>i<j t^Uiidriccd sleeve 52 is lield in aligiiiiiciit witli thu (sbt(B) 38 by a 
moCal rdaincr 72. 'i'he retainer 72 ruay bo fbiinod an a Afngfe pioco with an apprajniato 
slot 74 e«l into it for signal passage ns jsLoxwt, or hs iiidei>en(fejtit piKJcs ai4>porling ifus 
sleeve 52 at tlw top arw! botiom (not slrowji). TSie tctoiiiw 72 may fee coriMhainod fcom 
axial TOOvcrutnC or rotation within the sub 3(1 by any of sevei-a1 mcanu known in tbe «rl, 
ixioludiug a!] index-jiiii rnechtariffln or « kcyed-jain-ttUC typo au-angenienl <not sliown). 
Ttit? aloi 38 wiay also l>e filled with ft imMotivc insal as bo further describcxJ bdoav. 
Ill operafioji, RTT 10 iti positioned within the nub 30 such that tlie ankmia 12 is alifiried 
wifli llic slof(s) 38. 

A» shown in Pignre 9l>, cVi& iteUiiu^- 72 is formed KUdi tliaf it exteaJe into and 
roduccE tlie JD oI'ITk? »ub 30 to constrain the RIT 10. Mudflow owurs thiougli sevcwl 
channels or nps^whigs 76 in the retainer 72 fiiui auougliflie aixauhiu 7B between (h« RIT 10 
Aiid Qxo rcfainci- 72. The retjiixwi- 72 in effect act^ tut a ccnfialczer to slabilizc the El).T 10 
jukT to keep it fiiom bitting the IP of Iho sub 30, Toweiing shocJr Te^tek and iiicreaKinij 
i^liabilify. 

Piguro 10 sliows another embodiment of a prcssiiio bawier of.' ihc invention, A 
Bub 30 may he (ctnrxd witli a shop .ioini 80 eo tliat the deevo 52 can be inscrlcd within the 
caitiai boiie 32, Tlio sleeve 52 is foniv;d as descrihed nbovo and prnvidiw. a hydiaulro kckI 
using 0-rings S2 wilhin giooves at b<KU caids on f lie OTi of eiie sleeve 52. Tlie Rfeevc 52 
is rescralfJtrf iiwii tixiai raovetuail. within tlie eerilnii bore 32 by a li^j 84 formed on one 
cad of tlie two-pieuo trub 30 and by aid of the matohing sub 30 joinU Since the «lwjvo 
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52 fiitfi Avirfx \vilhm u recess 5(5 in flie 11) of tfie sub 30» this conrigHi-atioii oifas 
iimciBtiictcd passage to a Targe aifaucCci RIT 10. I'JiEs conllgwrmion also provides ejwy 
access 10 llie ukcvo 52 wid 5lof(s) 3S for mairitrntioc xad iitspcctioii. 

learning to Pigure f 1., aiotJicraiibodimciif of apuesfjurcljaiiicr of tlie inveoiionis 
k»k;w«. Tht? sUrt 38 in the sub 30 re threi>-)»ii^)j)od, preferably wfili fUJIy roiiiidcd ejids. 
Oiic of fho sfcps piiovid«s a lieariny vUouWct SK) for an irwerC 92, and f!i« other iwv 
BUifaceR forfTi ttie geomciry Jbr an 0-riiig groove 94- m vonfunotion witli tbc inscit 92, A 
modified O-iing seal coftoit^le oi m O-riiig RtrefcT^ftil annind tiie ifiaert 92 at the 
aj>piopt iafe step, wUh mt^Ud tjlcmctits 98 placed tyti yijijositc sidefi of Uie 0-iiiig 96. "J'he 
nic<al dancdifs 98 are preferalbT.y m 11 jo Ibnn of closed foop*. 

Tin? *]wjvc 52 may be fitted Tviiixlri llicj sub 30 with one or more 0-rU\g6 (nol 
showii) to itnprave Jiyitrmdio iiitcgiHy as descj-ibeif ntjovG, As shown in Figuic 1 1, tlie 
sJeeve 52 mtiy oLw havo a sJof 100 peiwfijttiiig its wall to provide an unobsttuclcd 
dianiic! foi- any incojning or oulgoiiig signal. The etcscvc 52 may have « matdiiiig slot 
100 lor ovciy slot :iK in the eub 30. 

'rtie iriserl 92 and sleeve .52 mt preferably made of (lio diolecfiic itiHltsrials 
■dcsuiibcd above fo permri ilw passage of EM ^wiiay. However, if the slewe 52 is 
configureid wiQi h slot 100, flie sleeve 52 nviy bo fontied Irotll miy suitable tualcrial. 

If fho sleeve 52 ih ccnfigurcd widi a slol 100, tlic intei-nal prcdsurc of the sub 30 
may push the rcsal 92 otitwatd. "Hie i>eiuiii^ shouldei- 52 takes lliis load. Ag Jlu? iiifanal 
IMx^ssurc inacases, the O-ting 96 pushes the ttieud iclcnwaifs 9K against an catnisioii gap, 
which erjbi'^vcly closes off tJie g^p, M a nautt, there v) no room for exlnision of the 0- 
rhig 96. Since the metal in mvch Imdw tliau the 0-ring material, it docs not exlmJc at 
all. 'llic moililjcd goometiy fljedeibwcaTcafcs a scenarro wlicrc a sol^ el^facnt (tlie 0-ring) 
provides the seal and « \md clement (the wpIbI loop) prevdilB cxtiusion, whioli is tlie 
ideal seal rtitu^ilion. In the event of pressure rcvereaT, (he sleeve 52 capturas the iitf!en92 
in Iho slot 38, piwentijtig Ihc iiisat 92 from being dislodged. 

Other prcBsuie barrier e4Mirigun«fioi« jnay bu impicmeiifeil witli tbe inveniion. 
Ono approach ic the; use of seveial individual sleeves 52 connected togetiici by other 
retaining stnusturew mv.\ restrained hy aprcsBuie-diiVereMiial seal or a jarti-out lUTaugerrjent 
(not shown.). Another approadi is ih^> nso of a U>rig sleeve 52 to «paii niultipTe slotted 
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stations 3& (not bImwii). RtiU another opjiroiioijiiK Hk uucof a slcove 52 affixed to flwOD 
Cil'lhc va\i 30 ova- (lie slutted jc^xai, w a combination ol'm iiiLciior Eind cxteiioi- sTeeve 
52 (not Jihcwn). 

4.4 Slot Inserts 

While the slotted stateons of the itivculion avo offccfive wift liilly open aiid 
UTib1xK'4i«;d eJofu 38, Uio opciatioiial life of the assernhly uvuy be extended by i>rwealiT»g 
debris aiid fluids fiDm eiitering and enxling llicf b(oIs 3S and the mfidaiing vlecvo 52. The 
slots could tie iftJeil \vf.1>i rubbd', «u opoxy-fibei'j^lass cotnpouiwl, oi- aiiotliei- suitable 
fdlci- miitcrial to keep fluids and debvis omT wJHk ]>ciiiiiltiug signal jiassagc. 

All emtodtment of a nvAy .10 wiUi k tapcicd slot 3a (s sbowi in Figiiro 12a. Tlie 
»lol 38 io lapaod sudi tliat tJio oiitei'openirie W, h iiaiTowcr (liaii tlie inner opening W^, 
as showl b Figiirt! 12b. A laporcd wedge 88 of joeuliitHig inataial (e.fi., fibefglHBs 
cpoxy) is iuscated within the tapsned elol 38. The vrcdge Kfj may b« boinJod into tiie siih 
JO vviih tubbi;r. Thcrubbta- layer sunmnidR the wedg© and bonds it into llic sub 30. 
All aimulus of rabber may alsn be jniuWcd on tlio inteiior aml/ot e^xCcrior surface of llie 
sub 30 to sail tho wodge S'8 within tfte sTni -38. 

4.5 Forjisiii g Shield S tnictvcvics 

Mcasurcmciitfl of the attemiiirion of Uio TE caidiatian ftvmi a Biniylc coil-woiuid 
iiiifcmm 12 througii a Kirn;le »lo| 38 of icasoiuille dlrjuaifiiujjjp show that the TB Held is 
notably affeiuiated. 'Hif*? !%Ctemp«liijii can bo lodiiced, howifver, by using shieTdirtg around 
tbe AtUevnu. J 2 to focus the EM' fields into tliu dul 38. 

'I'umiftg to Figiiw 13a, anautciuia 12 consifiiffigur25 turns of wireona 1.75-inch 
di«tucl<3i- bobbin was mounted on a l-iiigti diajiictci- m<*aJ RIT 10 and positioned fuily 
ccccntfi«d radially inndc Che bono of a i.55-inch TD, OU itub 30 against tlie slot 

3S and centered vertiiiaTJy oti Ihc slot 38. 'llie mejwurctl attenuation of Ihc TE field 
bctw©3n 25 k]i7. - 2 MTIx: \V85 a ncaiiy coiirfani 1 6.5 JB. 

'mi'iitiifi 1(1 FiguTC i3b, the sstnie meafiurBtjuisnt was performed willi tlio aiitenna 1.2 
inside » Ibin diiold ID2 formed of a m«tanio tube with a ().5-jnc]i wide, (i-inch long slot 
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104- ttligQw] with tlic slot 38 in the 30 (uoC shown). The flrilwniia 12 was fully 
BuiTOiuiricd by the sliiefd J 02 excepi Jijr cpai slof 104 and plwced insido tte sal> SO, 

T1»e AClejuwtiuu willi this assanljly in the «Krju» sub 30 was 11 .8 dH, a rwJuction of 
tlic atteiniation or nwly ,*i dB, Figures and He wspwlh'dy show how Che sliidd 
102 iiflbcte (lie magnetic and eiecti-ic iwlde. Tlw aftcamafion clii& Qiis sliield 1 02 alone 
kiniiiiinaL 

.Figuiv 14 shows aiiotlier eiTiliodim«ril.of a sdiiddiug stmcTurc of the invenUoit. In 
fliis emhwlrrnjiaU, Iho central bore 32 of the 8yb 30 is configui'fi^t x^-Uh n hi^cfeet stmiitum 
lOfi that w^rvcs as a focushig shietd by Kumjunding the aiitenn* 12 whoii the RfT 10 is 
engaged whbin ihe nab 30. 

Figure 15 sliowe iuivlktx cuibodiinent ol' a fihioJdiiig sfmtture of (lio iuventiott. 
The nmndti?! of Cht? RIT 10 has a injicbincvi pockef oj- cavity lOS in its body, A coil 
luiUuuia 12 wound ort a bobhin J. 10 niEtd© of dieleclrb msufcrial i* motKilwJ withm the 
cavity 1 08. A /.cirito rod may replace the iUckyhio bobbin 1 1 0. WiUi this confrgumiion, 
the body of the RfT 1.0 ilBdf save* as a foiiuwug diidd. 'Hie hyiirawlio iiitcgiity ofttw 
RIT 10 ?*wt«iiil8i]icd by poHhigthe adtwina 12 with filjei£lftet8-c]>oxy, rnhher, or anoflici- 
suitable substance. Tlic HitcauiHtion of a ciiil oulcmiH 12 having 20(i tunis on a ().875-iuch 
dianictci- bobbin was KieW(iiix;d for this assembly inoiiutcd flie satnc way as described 
;*ove in ibe ^uxna- sub 30. 'Hie mefiuunwl atfcniurtbn wn« ciily -7 dB. TA will be 
flpprwialwl by those slrilTei! jxi Uio arl tlvai other types of 3oarces/sen«fore may be hcm^\ 
within the ijAviCy 108 of the Icl'J" 1 0. 

4.6 ItrT/SubCoAfiguratioiii^ 

Fijsuvc ] 6 (iham anottici' anbodimem of ttic invention, A uiib 30 of the invention 
is c«T.iiir(;fcd to another tmbulRi- HI fomiing a hwIiod of a drMluhing. 'i*he Rir 10 
ini^Judcs an antenna J 2, a «|fngci- 14 at tlie Uw<;r taid, and a ft^mz head 16 at Out Ui|> ond. 
'J'be sttnfier 1 4 is received by the landing shoo 42 on llie i»ub 30, whicJi soxvcs to afign l>ic 
aMciuia 12 with the slotreil sJajion ?>6. As ahovte, QwRia' It» of this cmbodiineni indados 
various electrcvfjicf*, balUaios» a downhole pTOccssor, a cluck, -a road-f)ttt poit, memory, 
eto. (iiot showfi) m a iwcssme Iiou&fng. TlioRTr H) may rIso mcorpor/Up various type* of 
souice^serttiovttasiaiowji in Iberal. 
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24.0806 

4.6.1 RIT with Mudiibtoi^ 

']'he RIT 10 of Figiire \6 i«? al»o equipped with a moctoxhUOT 116 for signal 
comnmnicxotfofJ wilh Ibe ^umcc. As known in the art, a weablc modulator 1 16 coiiftistft 
of a roCaiy viilvc that opeaxites on a continuo«>* prc5SBurc wave in the inu4 coUinin. By 
cliangiug piiasc of the sianal (fiie^tiency moduJAticn) «nd dctoctiug tliese c^imigt^c?, a 
sig^iat cati be tmtismiued h6Lweerj. Oip ^uifncc lukI the iilT 1 G. WtXh thiw eoniiguLrtition, 
Olio call said tiic lUT 10 tlimufth xhe drill »?iring fcf> obtain ineasuwmetiL d«>£a (e.g.> 
r^fiisiifivit^' or g,6uiu/na-ray cuuiitbO ef fomi:itien cliaraclerij^/ji^^ »nd lo cominuiiicaite siidi 
dala to Uio siirfiicc in rcal-fimfi. Alternatively, a]1 ur some of the ineamurefocal data may 
be stored dcwjihole m the RfX 10 tncnKuy &r latei* netrie^'aT. The moilulator 1 Trii may 
atoo be UBud to vaify fliat the IDT 10 h correcQy posdtioiiod in .the sub 30» and fliat 
fneafiurejTieril« *ucc tunclioning proporly, It wtTI tie ajvprxH'^ialod by those sIcilTed in llw ait 
Qial a modulator 116 asseiniily rn^y bt^ incoi-pordtod with of Ihe Kl'r/sub 
fTiiplciniwiUitions of tlio invcaitcon. 

Figm-e ] 7 aliow^f anollim- wnbodhneirt of the invailioiv Tho subs 3(f arjud MTs 10 
fli!^ invontioii may be used to crimruuTJic^iCc data aiidtor jnfiCruef.ioiis behvcai the 
siuface and a i-emote tooT 1 12 local along the dviJt string. For piirposjcs of ilTxistriiilonj 
Uie Inol 1 12 b shown with a bit hox 11 3 a£ ihc^ boCLoni poition of a drive idiafl 114. 'I tie 
dr'fve RhalT i;o3iiiet>(o(I to a diilliKij; motor 1 1 .5 vz^ mi intaiial ti'ansmis^sijLm assanljly 
(noC shown) and a bearing section 1 17. Tb^:: Leol 112 also liais an HtUcmia 12 inQunteil on 
Qio bit box 1 13. The motor 1.15 rotates flio sliaf* 1 1 4, whioh rolales the iiit 1k>x 1 13> thus 
rolaliiig Itioantoiuia 12dwing<[filKfig. 

With the ocmfiguration of Figui« 17, tlie RIT 10 may he engaged wittiin the Rub 
3D a1. Iho surface oi* sent thrcugli IVk? drill sfting when tlie sfub 30 is at a desired dowiiliolo 
position. Once eiigagcd, a wireless commuoioalion link may be e^labliishocl betwwD.llie 
snfeama 12 on the RIT [0 ayid Ibe antcinia 12 on Clie iool 112, wltb the slgiial passing 
fluongli the sfotted i?rACrou 36. In this manner, reiil-linic wireless communication between 
tlie sur lace and Ujlc dowiiliolo toof 1 1 2 may be catabiislicxt. it wfU be apprcdatKl by (hoso 
skilled in the art that other types ef scaisors aiid/of xigniKl ti'ansniittcng/r<j<?c?iviiig d[e\'ices 
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iiiay be uioiiiitcd on various typos of mnofe tools 112 fi>r C4>rmriunk«(ioii witLi 
Oorrc;»q>:>nduig d^vroe}) rriounCed on Oii? FT.T 1.0. 

4,6,1 Nudear MH^netic RjeisonHan; Sensing 

[f iR Jrnown that wiien an a«seinbTy of SMis^^lK rauniuiils sudi as tliose of 
liydiogdi nuclei my oxposcd to a sfafic img^ictic fieJd they tend to aliijii aloiig tlic 
direjctiof^ of Ihe rnagrnilic Jteld, TKsiiulLiiig in bulk magnetization. By mea^iuring \ht^ 
bmviini cif (i3)acK fin* ^K? Ixydivgwii Duoici to realign fliciv spin i\xes, a rapid fiutKlts^^lrucCivc 
dcfciiiiimfion of porosity^ movable finid, and perm eabil icy of c?«rlh fonrurtions is 
obtain w3. See A, Tiintnv Pulsed Nttclear Mag>ietic fiesonant^e S{udifi!$ of Porosity, 
M<>\^hi^. Ptuid, and Pe.rm^.ahiUly oJ'HfmiUiQmiS, JOURi^L OF PBTROLBUTvf *ll3CfmoronY, 
June 1969. 1?. 775r U.S. P«C. No. 4,71 7,8?(> dcaciibcs a nuclear niafirietioTVSsoiiBLnoc wdl 
loggiiifi infitiTiinenf einjjfoying these tecbtHqiicv?. 

A det{3iiniaafion of formation porosity liom rnjUgu^UonssonaiiGO may be obtained 
with K nori-Triiignctto Jtub 30 of Ibw; iiivcnliwi as sliowa iii Figure 1 8. The flUb 30 oaii be? 
foiined of thfi f>'ptcai liigji-sfrengfh non-tiiafirtelic ftlwl u^eci in ttio iiidusfiy. llic RfT 10 
comtiaiiis tiic olcofionics^ batteries, CI^J, memory^ etc.^ dcsviibcd above. Olipo^ing 
pernmnenl maginjff; 1 1 R i^ormmnw] in (lit? RIT 10 pnovidc the magnetic Itekl. A irooil 120 
is iiioniitod between tho magnets 1 1 S for generating a /ll&gfi<i(ic? field in tho same region to 
excite niiclei oJ: Jbiruuli.On vioiniLy. TliG design of tlie rf coiT. 120 is similai* to tlie 
antennas 12 de^y-ibed alM>ve in bertig a irtjJti-lum loop anfama with a centrtil lube fw 
thiough wires and mecbarifcal fttJOCTAglh. Tin) pciimiici^t magnets I IS 4ru1 rf coil 120 are 
prpfca-Jibly housed in a uoii'img^ietic section of the «?ub 30 (li»t Juji6 axial slots 3g \M\ ^ 
pressure barrier (iwL showi) of the iiivcution. 

"ftltli a non-magnetic sii]> 3()^ Llic mngnctio fiolds Ihwi ihc pcmisncnt 
niagnete penetr^e mlo (lie? »uiTOuiidiiig fbitnation to «xi?it<? (he nuclei within ttlc 
sunounding foiinafion. 'Ilie coit 1 20 \t\ RIT 10 provides a rf m^igurtic field Bj, wliidi 
\n perpcndieiihtt- fa ontsido of the sub 30. Ttie rf uoil 120 is positioned m ^tJigjuticaif 
wilh [lie axial 'slot(s) 3& in the Aub 30. 

A magnetic resonano-e nuw^micniont whcle fri]3i>Hig rj.iay be nioro complicatcit in 
comparrso/r. (o ]jroi>agAtion i-esistivity jneasiirerjiccLlB duoto varioufe including: m 
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ijiliereiirty lower signal-to-iioiBe i-atw, i)«miaiiaif iiiagneit Ibnu factora, rf coil efficiency, 
liigli Q aufEstJJia timmg, bigli power dcinaiids, add k utovi'Ci- lofi6if»& <q>ccd, 

4.6.3 C}aniina4l»3' Measurement 

I( is blown that garnrns. wy toiwpwl raea«iinji»ciitB tliroug^ a fonnatioii mm bb 
used to dcfernitJie fts cJiaRiorcaisfiw sudi as de^isiCy. Tfio inteiaiitioii of gamma ruy» by 
Di>m]>U)ii scatfcritig is dejientkait. OHly upon fte iiumbci- densrty of." Uic scattering 
electrons. This in turn is dii^utly iJiToyortioiial to the-, bulk deaisity oi' ihu foimatton. 
Coiivdifional lagging loolu havo been inipTemuiited with detecijoro aiid a sourcse of 
gamma rays wbjDsc* piimuQ' mode of ji>i«raff lion is Coinpton waiCltaing. jW. U.S. Paf, Kb. 
5,250^80(>, assigned to t1ie potsval assipee. Cfsamia ray fonnaima jncasuiaiients have 
also bw*!. iinplwncntcd iu LWT leabnology. See Lo&S'ns wkih tripping r:ut9 time tc mi 
samma ray, Oil & C fAS Jy i jiwal, Juno 19%, pp. 66-66. The pj«seriC hivraitioij may bet 
iised to obtein. {{tiimna-rajr nieasiiremftrrttf as kiio\vii in the wt, i»ovidiiig adva:iC«gcs over 
kiiowji [inpienienUttiom. 

The subs 30 of the invBn(ii;»a ijiovidc tlio stnicCural iitfogi-ity required for drilJifig 
oTjanfioiis while also providing a iow-deii«riCy dumiicl for thtf passage of ganmia i»ys. 
Tttniug to Fignve4!), this coaliguitrtioii is used to illuBtiato a s^mm-my iitiptemeinlalion 
ofllic mvciitioii. Iu this itnplejiufnjuaioji, a RlT 10 in equipped with a gmurufray source 
aud giumna-itty deteciore (not sliowii) of the known hi the ail and described iu tlie 
*806 pwicut. Tlic anteunaa 12 oi Figure 4b would b& rqjlaced witli a gaiimia-ray wureo 
and gairaua-ray rJeteCiCOru (iiof shown). 

Tw-o g«Doiifui-»y detector* atb typically used in Ibis type of riicairmoinciit Tfic 
mimn-my dctectora ar&pUtocd on ttie KIT 10 at aijpiopriate spRoiiigs fiom iHw source as 
knoTMx ixj iho ait 'Vhs slotted stoCions 36 ai« fdw appropriately placed to matoh the 
souiice and dettwtor positions of tbe RTT 10, Caffhraiion of flie mtfttourcanoit mny b& 
reqaireil (o account for the r&yn hansraiffcd alofjg Hkj inside of tht; sub 30. The gatnina- 
ray detectors may also be appropriaicely lioustx) witlwn llie RJT 10 to &hieU1 tJiciiii from 
dhEct ladiatiofx Irom the soiu'ce an kriown in tJie art. 

Turriiiijj to Figure 14, £>ii» ucmfigui'atioii h w«cxl to illufiCrnte snothca^ gamniii-ray 
hnplemwitatioii of the rnv^iiioii. With the RiJ 10 equipped with the described sarama- 
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ftiy assembly and eccencerfiil Cowaixl tlio slots this (fonfigaraiicn vvill capfuiv the 
scaftej-ed garnnm t&ys more cfKcieirtly arv:l provido leas ti'an&trxitfsion loss. 



A.6.4 Iteslstlvif y McHsujemejit 

The iuventfon ttuxy bo used fo measure IbnnsCiyiirBsisCivity um\s clcctrajtsagncsiio 
propagaiiofj tecbuqucs as known en l\\e avl, including thnse ileHcn-ihcd in LLS. Pats, Nbs- 
5,5^4,343 nuil 4,899,112 (liotb aeeigiicd to the prewtU <«jBigi;oc). ]%\iks 19a acjd 1% 
stiow two RJT 10 / sub 3(J connfiurfttiniuf of flic tiiveniJoni. A jiair of oedlnlly Jocated 
rocdvci- anteiiiias Rx: fire ujwd fo measure tha phase shift an4 ailenuaEion of KM whx'm. 
r-ODk-up lablca may ]>& »$ed 1o dcfciiuiiie j>Ti£w« sliifl resLstivify mid atleiiuaiion 
j^esiaivfty. Trajwiniftci- aiiteiinaa Tx «rc placed above and Wlow the i^ceivvr ifiitauias 
Rjf, eittm- in Clio configiirattcin <f>nwniu Figuiie {9a, whidi lias two syrn metrically placed 
fiaiismitfer ariienna* Tx, or iii the corifi^iiTwIion siwwji in Pigiirc 19b» whieft has SCT'ciaJ 
Ciansinitlei- aiiteiinjiw Tx abuvo and befow tfio rowjivcr antennRS Rx. Tlie aiichilecluio of 
PiguTB lS>£i can be used to make a faoreliole cODrjjwiisated phose-Bhifl «iid atfemiaciijii 
raisfivitj' meafloieiuciil, -while tfie mulUpte Tx spaciiifit! of Figure t9h can ineaaiire 
boreholo wjiiipcaisafied pha^e^ahift and afteimaii^wi witli luulfipTe di^pQis of investigation, 
Jt wilt be ai)pi (x:iated by those RVtUtui in dio ail that oilier uoarce/serwcir oaiifiguratiftfift 
and alfioriLlnni? or models may be iisixl Co make fomialion mcasureitJenls and detertrjirw 
tlie rorruHtion diaiscteristics. 

4 J liiductlvcJy-Coupled RlT / Suft 

Turning fo JlguneZO, other ranhodimeniB of a snb 30 RIT 10 of tTw invention 
aic diowji. "Hie $ub 30 contains one or mono integraT ani«mas ] 2 inouiilcd on the OD of 
ttie elongated body Jiw iTTsnsniitfing antl/or Tocdving eleelromagiietfi: (sacigy. The 
sinJtauMS 12 are embedded in fiberglass eimxy, wifli a mblKH- ovor-im^ld.ii^ its descffbeJ 
abovcw 'I'he fiub 30 also has one or more inductive eoiiplcra 122 Oistribiited «long its 
tubtilar walL 
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Tho lUT 10 lias a sjiiall-diatiieiisr presKiire Jioiisiug sucii as the one tlescriterl abovc^ 
w}i(cl) coiiCainfi tslo^jinmicK, bHrtcric3» dowiiliolc processor, clocks, tci«J-o«( poi1» rccordiae 
TiicTTun-y, c:(cs, cuicl OHC^ oi uioTC inductu'c couplei^ l22cnourt(ed uim^ M^hody. 

As sliown in Figare 21 a, the RTT 10 i» ccLcnfoncd inside the eiib 30 so lliiil iKc iTidnctivp 
cDUp)eTi((c) [22 in Ches RTT ID mt\ tho inductive C(>iiplci'{s) ]22 in ihfs »ub 3D 4iTC in dose 
pioximity. "i'fic couplers 120 ooiiKisf or wimting? romicd araund a fcixite body ais known in ihc 
art. Peed-lhrou^K 124 olmTigrt Ulc atifoiuia 12 wircs to the inducLive coupler 122 located In ^ 
sindL pocfcct 126 iu the sub 3Q. A metal shield 128 wilh vertical K[ot^ covers each aiilauia 12 
protect it fjocn siieclianical donta^e and pmvide ihc ilcnirod electromagnetic tiltci nig properLieh^ ^ 
previously dEKcribeiL Ckyrrway posilioilirig the RIT 10 inside tlie Sllb 30 mjpn>vc« Oie cffieiciicy 
of the inductive (xjupling. Po^idoiiiiig is ciecoiiiplislicd using a stinger and landing shoe (See 
Pigeiiie 4;n) to eeoeiitet the RIT 10 wiihm ihi^Kub 30. Fi];urD21li provcdes a top view of the RTT 
10 eccenlcreil wilhm the <?i]b 30 along Jiiic 21b of Figuno 21a. it will be appcecfftlcd hy those 
skilled its tluc? ait tliftt otliici' eoceucering s}n&tei»& ctiay be usred In implcmcjit (be luvccition. 

As sliown Jii Figore 22a^ the iHiIuctive 4xmp1erK 122 bsivc "U" shaped cores niAde of 
fecrilc. The femte oivt itnd windinnjR itre pnltoil in fibergl^iss-cpoxy, ova* molded with fiiliber 
131, itml mounCed wilhin a uouplcr ptickiHgc 130 foiiiicd of metal. The coupler package 130 nmy 
bo fbiincd of stainless stool or a iion-'niagiietic luetal. fitandanl O-nng rM;»l9 132 pl(ic.rd around 
the ciiduLtive ijDupltsr paclcage HQ provide H hydrAuKc scai. The inductive couplets 122 ia the 
HIT 10 inay also bo potted iu tibciglass-epoxy atid over molded wi(h nibbor 131. A Wxin 
cylindrjcal shield rriiide ofPEEK or PTIK may almi he placoeJ on the 01> of the svb 3S to protect 
ajid secuT& the cnupler pji^skiago 1 30 (not ^hown). 

In cpcTHlion, iKcrc wifl be a gap botwocii the indnctivo couplers 122 in die RIT 10 and die 
^]b so the coupling will not be IQOYn elllcierLt. To iuipiove tlie ci^uplin^ ^rTicienuy, and bi 
lessen the blTecLi^ f^rcniK-ali^Tncnt of the pole fkcca^ it i.*t rlnsiTJiMo tor tho pok f^^COS to havo as 
1aq>«- ^ sur£ice cirofl as possibiCh 

Figure 22b shoWK a 3.7S-jnch Umg by I -inch wide^lot 38 in (ho sub 30. Tiio polo faoQ 
for Ihijf indin:(ive ^■o^^le^ 122 J. 1 -inches long by 0.75 iucii wide^ giving an ovei'lap area of 
0.S25 R^qu^rc i)K>ho^^ Ihis co[}fifjiratiou nodintaiais a higli couplijig elllcic^icy and reduces tlio 
effects due to the tbllowiii^; niovcmcjxt of tlic lUT 10 duiitig 
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rtrilHng UT lrii>piiig> vaiiatioiis in the gaji betw<?5fr< (lie iiiductivs couplers 122, and 
variations in the angle of the RIT 1.0 witti rcspoot fo the sub 30. Anotlicr advantage of a 
Tong Blot 38 (It^xjjri iK HlhL iL provides ^^Kice far the pretn^urc fcod-tluouglis 124 in Uic 
inductive caupicL' padcage 130. 

Aiitoma fuiiiiig ddifients (caiwcctofa) nmy tduo bo placed in thi^ pRcksigp 130 if 
ncodod- If will l>e ajiprbciatbd by Ih^w^ sfc.illcxi in the ai-t that oil\^ «p^«i^ ooiifiguratfotl» 
ncuay bt? fomic?0 in tlic walls of flie s";ub :50 to ^chixsvc Ihc doairod Enduot/v« coupling, sucli 
a» file CI rcuTjwr liv]^s alio wn in Figure 20. 

Sinw; Iho prcssuro inside the mh 30 will be 1-2 Kpsj hifilier Ujm outside the sub 
30 ii\ most cMSis ibe ifjudTQClSve coupler package slioulO bo mocliaiiically Iwld in 
plsuw. Tunuuis to Figure 2.% the ainejntw ehidd 12& can be iwed lo rolaiu flie inductrve 
ci^upler p^w^w^gg 130 in pltice. The shfelil 128 liaviiig alots over th« aiifcruia 12 as 
dcarabtvJ above, but solid elsewbeni. Tlw solid paifLoJi wlairift iiiductLve coupler 
package IHO and t*Ac» fhc- loatl fioin the diJVereritijd jmuisauro dvop, TaHft may also be 
placed ou the outside of th« induotivc coupler package 1 3(> U> kx»p it from moYmg inwaid 
{mi 8boxvu). Hio sliidd 128 inay alao be thri?Rdcd on its ID^ with Ihrcads engaging 
matchcug "dogs" on tlie mh 30 (not shown), 

Fiijiiiv 24 sliows a simple cnicuit modol for an ejnhoiiiiticnt of flie induoiivc 
coupler and XtumtinHcT TOOwLuia of the invejition. On tho l<Ii 10 ^Id/^ ihc cuncuf is Ij, 
at)d Die vollyj^c? V,. On flie sub 3f) fii^^ Qic ouiieiif Is Ij lliw voltage is Vj. TJic 
juutual inductance fa M., vnd (ho £clf-i]idiictanceo reach half is L. Th<^ inO ucfive couphr 
^ynuiLotric with tlie same i^nmxber of turns on each haff, Willi the direction ol'Ia defined 
in Kigin^ 24, iho voltage and cnrrenDv «3iic? related by VH^yLIf+i^wMlj ^and 
V/=ja?Ml^\if??Ll2. TIto anfcnma impedance 16^ primarily indajctfvc (L^) with a afiudi 
rcsisfh-e pact (RJ, Z^=R^+j4wL^. 'IVpically (he inductive impediwicc is about 100 
while fho resistive tmp«d«neo is about 10 ii. A lulling capaclt*>r (C) may Ivs u$<h1 lo 
cancel the atiUuiua iiidnofanoc, givmg a RIT sido impedance Z:r R^t\^^^rSf^C J^a- 
Tlic ratEo ol' the currcnl. dolivcrcti to the iUijtenna fo the curreni driving tlie iniJucCive 
coupler is yi, = 'j f?)^^ ^ L I- R-^ +j oiL^ jV/vCT), Tho iiiducfive couplci' lias matiy 
turns and a hfgh pennceibility core, so L» T.^ tm\ ti;l»> R^, To good appiv>xiT]i«tion, 
l^/I, = - -M/L (the sigt) berng rdulivo to the dlrecthjdi of ounxxit ffow in Figure 24). 



23 



4.tt ]nip1criiica(«tioui» of tlie In^'^nCtan 

As dcsci ibed ahove, the RIT 10 may be equipp^^d \dlh iiiternal dalu rfor^ge m^mtf 
suetj coiivciilional memory lUlJ uUici' fonns of tlie )<iTi(3 woll kiiowr^ in Uio axl or 
subsoquently developtxl. Thc3c storage meanij niRy bo used to commuiiiwrte data. anOl/w 
jrwimcCitnuj bchvccnfhc saiface arhi liiodowiilioJe KJT 30, Pcxcived signal dsitaiiiay be 
6tonxl dowiiliole witliin ch^ eaorijgo iiicans and fiubsequoiUly i<2triejved svliai tlie XtlT TO is 
returnecl Uj tf ic wurfacc. As known in tli& wi> a computei' (w oflior ncconding trwaiw) at the 
A\irrJi4u^ yxfvps back of time ver>}u» dowiilioic positior^ oniic; sub so thiit dlunxl data cati bt? 
coiieTated wicli a do^v]lllolc location. A Ui^i» lively^ the ^rgatil data and/or mstructions 
may i>e cnrrm)xioio«ted hi rcaE-tiine between Uio surface and t>Jit» RIT 10 by LWD/MWD 
CclcnicCiy as kiiown in the arc^ 

J^iguri; 25 illiistiatcs a ftow dt^i^icBiii of a inetliod 300 for transcnitCing and/or 
reccdviiii? a sigjial through m carlli foimation m ficcord witJi'tlie bvcntioii. 'Jtie mctliod 
cojtii>rifies driJ.lin^ a borclioie tdjvtugh tlw caiHi foi'jnatioa with a drill «(ring> the drilT 
8(iiiig iuciudiiig a fiiil> haviiJig an dojigated body wLUi tubular waflu and including «t least 
one statcoil having at kast one ^lot foimcd tlici^siii, each al least one slot lully penetrating 
tlie tabular widl to provide a coriCiTUjous olinimeT Ibr Ihc passagie of ck^^troinagnetiii 
energy 305; di^gins a mrfc-irt Uyol witlun the sub, tbu ruii-ifi tool bdng adajitid wilh 
si^gnal lr»iisjnittiug inean.^ artd/or uigLiai leceivm^ means 310; loi;afiiig the mri-iii lool 
within the suK) mcli UiaLat least one ficgKial Iraiismittnig orrcx^civiiig meorizris aligned wfjh 
at least one slotCcd statit>n oti (Itt^ sub 31S; a^id ti^iLsinitfing or reoisiving a Aigiiol (Inougii 
tlic &rjnation, f^sp(x>livcly via tlie trtsnsinitting or reci^iywg means 320, 

Figure iXi ifTuslmtcs a flow diagr^n of a m^i}ioJ 40O tbr measuring a 
ctiar%iclciisti& of an earth ^nntion surrounding a boi'ehole b acc^nxl with (he invention. 
Tlx» method compri^s adaptbig a dowTibol^ tool wiDi least one siri^ial transmitting 
means and ac least one signal i^ceiving means 405; axJapting the dowiiliolo tool witJx end 
means capable of accepting a .litiiiiig head or a uaWc conneciiori 410; and wilh tlio fishing 
on the tonU erigagiiig tlie tool vsilbin a di'ill filling to mea$un5 tlic foi*jn;nlioii 
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clia«cififi»li<>, utilizing the trattsnultiiig and rcocivju{i mearw, as tlio drill atring traverses 
Ihe borehole; with flie Mbb cwmcolion on the tool, comiocting a cobb (o flic tnol fl/id 
fiuspwiding Qnj tooJ wifhlii tliebwdiofo (o iraasure the Ibmutfion diarAOlerititio atillTing 
thetrdtuGfifailtixig and icceiviing mei)m420. 

llio method 4WJ of Pigurc 26 may he fTiiplramnrtcd wittj ilic run-in fools 10 mul 
sul>s 30 ol'TJiij jnvcmlioii. 'llie rati-rn [w>] may bo cotillgurtj with aui efld ecgniciit or cap 
(rioL Bliown) adapted to nxcivo the piievion8ly dc«j jhed IMiuK head of a cable 
cwriTiwlion. With tlie fisJimjt; >iw5t1 wimccfed to Oic ruii-iii tool, the m^y l>e in 
Kccord with tlie disclosed implaiiciifafjons. Wilh tho cable coiiu«»tioii, tH 0»i-iu tool 
maybe u&id ss s nianory-moiji; wireline fooJ. 

It wfU be uiidcfstood that the following iiiethoda tiv. ecaliiig an opening or slot on 
tlie &uf fkce of h tubular are basea tm (he discCoaed pfttwurx? bairiepR and slot inserts ol' the 
invcailion. 

['fgims 27 illiisfrates a flow diagi-ani of a method SOO for Beallog an opening oil llie 
surlace ofa luhular, whcrciii the tubular has au dongatexl body with tubular walla and a 
cefitail bore. The inetliofl eouiprisca pJacing an feiiKal wit jiin the opening, the ifisert being 
foriTAed ill ttie sliape of the opttiiiig 505; and atyplyitig a bondiixg matciial to tTie inscal 
and/of opeuing to bond the insert vvilliin the openrng 510. 

Fignrc 28 illuwrates a flow diagram of a method 600 for sealing a fully 
pcnrfrating openfng oii Hic siuface of a Cububr Jiavirig m elongated body with tubular 
walU and a centra] bt)i*e, Theiuethod coinpriges placing an Itmat witlun the opening, the 
insert being formed in the shape of Ihe opening fj(}5, «nd placing felaiiia- ineane within 
the tubular to support the inacif against the OiJciiiug 61 0. 

While Uieracehods and aj>pKnitus of this iitveiilion liave been Ucscri hat as apocific 
euThodiinents, it will he aj>pareiif to thoae akillcd iji tTie mi, Hxat varralitw maybe oppliwl 
(0 Iho sfmctui-es and in flic steps or i» die scquejiee of steps of tlie methods de«ciihcd 
lici«in wfttivwi departing Ifmin (he cojicept and wcqjc of the iriveiifion. For example, the 
invciilion may he mipleniciitcd in a. csoiriiguratlon wlusrciu one RfT/Bub unit is Oiiuippod 
to measure a twibhiafloii of lbt«iatioii diaractedrficsi, iucludir\g resbfivhy, porusify and 
dmsity. All sucl^ similar variations aj>poten1. to those Rkillcd in the a«1 arc deemed to be 
williin this conc^l and scope ol'ibe invention as dclmcd by the appended clciims. 
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WHAT IS' CLAIMED IS; 

1- . A do v,?;Oiolc tubular, campfiiruig; 

an efongflttHj bouty with tiihulflf w»lk md a ce<itr«l borc, the body including at 
l(?ast one sTot Ihmta Qicnciii siicli rtai llic slot fufly petij^lntlcs the tuMiUir wall; 
and 

means to pmvi a i;!ripianiio barrier ftet.xvccw tlio iiitra-ioj' anJ uxlciior of Uhc lutiiilar 
w>4l.l, Clio means locjited wiJliin fclio central bnrcj m alignnieni wldi tlic at letftf. ono 

2. Tin? downkole fobuJaf of claim 1, ^vhertin Ihc walls oX clongatwT body xub 
(ally mdallic. 

3. Tlio dowjiliolc tubular oL U whereii) flic? moans fo provide a press^irt? bauicj* 
compri(sctf » slocve fomied of a maier;^! pioviding inmsijarency to 
dccCiciiiagLiefic etiergy. 

4. The dowfdiob tubular of cfahn ] , wliorciTi the efjongalcd body inoludca connecting 
mcam af each end 1tjicn>of> flic ooniiei;ljug means adapkd foi' coam&ctfon [o otlier 
tubular frxcmbcrs- 

5. 'I'he dowTiliulx^ tubular of clairn 1^ futtliej' ct^rripjiBin£ a i^taifiisr disposed wiUuii 
fJie cenir^il bone? to iraintam ftc? prcssui« horrid means i» aliisiunait with ihc? at 
JcH2fl one slot. 

S. TTie aUivvuItoIc fiibula^' of vlaim I, fiirtlier compiTsing M. l^st one spacer disposed 
wiQrin file cenWid boio and adapted widi spring rncaus to alfcv*' for dispJaceiucnt 
of the preb^mo bamer in wia, 

I Tlic dowahoTe Lubular of claijti 1 , rurthci' oompriBing meaiiK {or receiving u riin^i]i 
tool witbfii (hcoOTfia] boj^. 
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I 8- The liowailwlc tubular of cTdm 7," further cafiajMiaing af T&a;^! ceaifi-alr/^ 

a wilMn tlic central lione (o c-caistiain fJie movement of the run-hi tool when Ihc tool 

H is located wilhiu Iho tubular. 

'J 

9, 'Ilic downli<>l$ lufiuhr of claim 7, whciwii the mn-in tool coniprietje? at least one 

6 '^CJecilniliisa- to conrffarji Uie niovcnieiif of thi^ ruuMn fevol wliai the tool ift located 

7 whTufi tubular. 

9 lt>. Thc5 tlin^^iok ful>u]af of claim I, wJierein ibc t^ibular fiecli<ii:> iiioluding \lw at 
lc(is< one slot i'r fcmncd of a noJi-mAgndio inateiiaT, 

]i 

» I i - Tlio dowiihole mbuljux of diiiin I, wJterein [iio at Jeast owe ulof comprises an insert 

13 ornifcriJialwiaL 

1.^* 12, A system foi' wticdviug » niu-in tortl, coitiprising: 

« sub ImviTig wi okm^ted hoijy vvitli tiibuTar walLf mid a c<?riinil lore, the «ub 

I' *>vi«g adapted lo farm aiKwtlou ofa length of drill ^mig; 

IB flic fsub riicliiding af least or>e 2?talion havi iifi tA lc«at one slot laimcd ih^r^n sud^ 
tluil the slot Iblly pwidrates the tubular waJf Co provide a conlmuous dianne). 
for Iho passage of a ^f^^tial; 

3 1 Hic mn-in tool bciii^ adapted for (ransit fliimigfi. ilnj <|iill string and into tlie ccnli^l 

21 boiic? of tlie sLiI) ; arid 

23 mccuis for neceivi r^g liic luu-iii toot wiQiiii tlie st*. 

25 T3. The fisysfem of clmin 12^ wheneh. (he? Ht least one dotted statron iiicJiideR ms^ms fo 
y/j pnovfd^ a imossure barrier between the fnieiior and exteriof of the tubwlar wall. 

37 

26 14. Tlw sysloin of cTaem 13, wheiem llie mwtns to i>fOvido a p]«sfintc.bairier ineludcs 
39 ei slcc\'e poftituiucd in altgnmen( wifli tlie sloflixl rfafion. 
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The system oi (Mm. 12, wherein Ifio nm-in tool ooniiMises at leust owe aoterma 
fulaplcd to transnut OtiJ/wwxjoiveeleijitoiiTiafpicticenetijy. 

Tho system oi'cTjaim 15, wherdn tTi« rctwh'iiig meaaet ie adapted to locate tlie run- 
in. Gaol wifliin the bore suidi tliaf at lea»i one jniioiina ati (bx- tool is atignod with a 
slotted fitAium on the sub. 

Htc aysfeni cl' cJaim 15, whesr^hi «t least one antauia oti Lhu nuii4ii itt 
filUTOwm/od ly a shieW, Uio diidd having si least one sJ^x f<niuod thereb. 

Tlic- sj'sitaii of claim 12, whaein the rira-m tool ccvriiinisca one oCa gainina-ray 
source <ir ii ncufroii souice. 

A system for ncccivhig a run-in tool, comprising: 

a Ki* bHvuig an elofigatctl body with, tabular walls nfu] a central boi^ fhe swb 

heitig adapted to fornx Apoilioii of a leflglh of dri If (jiring; 
tliosnb Inclodrag at Jcastone ifiauofivc coupTtijg means disp08w3 thei'eon; 
lh<? »ub indudfjifi at lotsC one signal source m- sensor disposed thCTuoii; 
the rttti-iu tool iitcludme ai least one indviclivo co(iij>!fngm«i«s disposed tlierKWj; 
Qio ruii-iii tcM>] haxig adapted for Craiisif thjougU (Lw drilT strityj atid into itic central 

boj'fiortticfsiib; aiid 
means for nccciving tin? niii-in tool m\hia the sub, 

Tln> systan of claim 1% whuroiii the at lewit one iJiductivo couplmg means 
disposttl oil flic sab in dcnitrieally wmrjicctod to at leaat one trafwinitfing so\ir«j or 
ueiisoroi] fhesob. 

The Ry«liau of clairH 1.9. wha-ein thv at least ojw signaT Aowrce is adapted to 
tranwiiii cIcctiotTiagti&lic aierfiy the at k(tDL one sermc is adapted to tBcelvc 
cfcctromagiictio energy. 



fty^-loin of claim 19, whi5re?in llio rocciving inewis is adapted lo lowrto the mn- 
in tool witluii the cciiCxal boic sucli ihn ^ Iwtsf one indui^livc coupling tticuiis on 
the run-in tooJ is aligrnjcf wiQi at kiist one inducUvc oouplmg means on t1i& sub. 

A meiTjoJ for Ii-aiismiflcng iif\d^or iTCdviug a sigjial Qirough an etiilli fonnatiofi, 
(xoiipiising: 

h) diilfing a (jof^fiuk Qnough the earfli fbnnatioii witli a ^Irill string, tTie dnll 
stj'ffijci rnoludiiig a sub having m elongated l>ody with tubular wkHh aiid 
fixdirding af leasf one ftisiUon liaving at kaijl. cuiq slot fornKHl Uiorau, each 
at least oxic jdol fully penetrating flic tnlnilar WiJfi to piovide a cjoiitinuoui! 
oliaimd fci the p\m^ of 4* signar; 

b) engAguig ^ mivin toof withfn flio sub, the run-in tool beiiig aJapfcd with 
sigaal tranArTiitUng means and/or «igjiu»lixcdving m^ane; 

o) locating the run-in tool witliin the sub sncli thai wL least one wpial 
transmrtf.ing or receiving m«ari« is aligned wrth \M kasf one sfoilwJ irfation 
on die snb; and 

0 fJ'atwmiCling or receiving a rigiwl tl^ugfi tlw> fonnation, t<ispcetively v{a 
the t lan sni I tl i nig oi' nocd viiig ni ear 

The mctliod of claiaji 23, whcueiji t(\e signal titmsnucimg means; are iwlapted fo 
traiifirinc c^k^oinaftnetic ercrgy and the ftigiial iccoiving rncune arc adoplpti to 
recerve tslwlruniagnetic energy. 

riw iiidliod of claim 24. fuTtlici- comprfeing loMiig tlie received eleeironiagnefic 
<aie]'gy to tbnnatioii resistivily, 

A iTieOiod fijr ineafiuring ^ eharacterfstfo of an eaifli lomiation s^urounding a 
borehole^ cortipri^riTig: 

a) adapting a Oowdiolo tooT ^ih at least ones signal transitiiniiig means «niJ 
ae lea«^l onrbignalrecervrtig means; 
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I . ^) adapting the <iownbolc fooJ wifft eiiJ incaus capable of accepting a fishing 

1 o) with the fffiliittfi hcwd cni the tool, ettgHgiiig the ton! wilhm a drifJ siring to 

4 meflvurc tlic foj'jnatio2i ^^liHrHctcrisiic, utilmiig the trariumittiiig and 

f> recervff ig iinj^nsj as the driTl $1ring travcases the boirhole; 

0 d) wiA>i llio cable cojinfictiunL im tlio tool, ci)tinc>cfciiig a cable lo the toot ayd 

? siispertdifig CUc tool witJiin the borchoJe lo jiioasuv'e th^ fbiiiiation 

s drdvacteri fit ic U (limiig tlie traiisttliUing and s^c^ ixH n g iiiCinii&. 

*> 

i<i 27- "rtie iTK^Uiod of claim 26> whciun step (c) cunipiiscs erig^sgjrjg the tool VMtliiu a 

f I sub on the drfl] firing, wheiiein Lhe mb has an elnngiiUjd body wfUi lufanlar waTl$ 

u tind uicJndcs at teafit <>r»? slatioii having ul luast one .^hM fxuincd ftierern etucIi that 

j:^ Qic siot faJTy penelnitos tlic tuhular wall to provide n coiitiuuoufi chuimd for xh^ 

] *! pa^/i^ of H signal . 
i.s 

16 2fi. A method for sefilinif a fully penetr^iling opcnlRf> nri u lubuiar, tbe lubidar havirijj 

17 ail eloxig*ited body with ixibukv walJs and a uciitml boj^ adapted for fluid passage, 
n diaractci^Ted by 

ifj 2\) piciciiig an iHsert williin tlie 0(>iynE& tlic insei'l being formed in tho shape 

20 of f Jie open 5 Tiij; mi 

n b) iJi)i>lying a bonding myfciial to the inacif and/or opciiuig to bend Ihc hiiseit 

22 wrthinlht? opening. 

2A 29. The mcfJiod of* ^imxi 28^ iurthjcr duuacterf?ied by placing a cylindrical elccve 

i» wttfiin llnj cciitiaJ Ijoiie or anound the oulci- siir&ce orcho tnlmlar b ali^nent V^ilh 

u Ihc opening, 
av 

' 2& 30. Tho method of my daim lutlhC/T characterkcxl by placing a ineealUv. alnold 

n awund tlio outci' smiaoi^ of tlic tnbuTar in alignment with the optfning to j«fttr«in 

31 



24.D81I6 

A iiiefliod for ««ali«g h fully pciiefraf ing operiuig on a fuhuljw; ihc tubular having 
nil elongated body witli wbulur wdls and a central, bore, cliaiacteH7.66 by 
1^) placing m iiiscif witlirn llie cpcuimg, fhe hijverl ht^ing fbnticd in ihe 
of flioopcLicng, and 

h) placing wtwinin means witliiJi tlie lubulai" to sujjporl the iiitjcit afialnst ihc 
opening, 

I'he metliori ol" diiiiu 31, wherein The Ti;^Uduoi- ineatis oi>mpri5cs a sleevts 
pov^rimrnxl waxiidly witUhi fhecerjirRl bore of theluhuljHt, 

llie niethoA i^f* claim 3i, wJicreio ste^i (it) compriEcs placirtg llw? insert wiihin Iho 
opening fioni wif Jiiii the c^lrftl bancs ouhvaiid. 

The method of any i^Mm 31, wJierein the lueciL is foiined of ft material providijig 
1 rAri^j]Ma\»ioy to elccti^ni^ni^tic energy. 
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24.0806 

DOWNHOLE SIGNAL COMMUNICATION AND MEASUIUeMKNT 'l'liKOUGR 

A METAL TUBULAR 

i\BSTRACT 

Sy^flbfrifi arid cnetlioifc Jbr dawritiole cointriunkaLioti njid TOi;!4«Jurciuc?iit ytiliziug an 
f]aTL]>rovud mcljiHU^ lubulw (30) b^^ving uij.ckii3i;«li^d body witli tubular walls and a centi'jl 
bore (32) adapted to receive a aiii-in fool (10). 'Hie tubalat mduduig trlotfcd sthtEoiis to 
provide tlirou^i-tiibxilav signal trausmission and/or receptioji. [•Iydr^i1i(;^ ii^hticni 
b^lv^ettt^ t)t$ jjClderii;?: m<\ (^^iw of." the tubular ur iirovidcd by pressure banier nieajsis at 
the slotted sfations. Sciisars aud/or sources aii& mounted on the nin-i^i k>ul, wliioh is 
adajited for traiiKniissJon thi^ugh a drill string t£> eogajs^ wiQnn Llic tubular in aligiiinetit 
witli tlic slotted s^alions. A run-iu tool configuration includes a modulator lisr rcul-liiuc? 
wireless coininunicaifiou wifJi the surface snd/cv remote dnwnhole locil». A lubuki' and 
i\iii-hi tool coufiguralion also includes induolivc couphus (I2Z) for ivirele;$E$ t^igciul dut» 
limiisfci'. A tuxi^Qiod for mottBuiing a fonnadoii diai^ctcari&tic utilizing a nm-iti (ool 
adajned wit.1i an intercbangeaWe end segfuenl Ibr inolti-niodo downliole ti'anfsporl. 
Methods ten ijcaliiig an opcaiiiig (3S) on fhc siu face of a tubular bavirvg m doiigalod body 
wftb tu]>uiar wall a a central bore^ 
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